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PREFACE 

This report is an independent contribution to the program of research 

of the Human Performance Center., Department of Psychology, on human infor- 

mation processing and retrieval, supported by the Advanced Research Projects 

Agency, Behavioral Sciences, Command and Control Research, under Order No. 

U61, Amendments 3 and 5, and monitored by the Behavioral Sciences Division, 

Air Force Office of Scientific Research, under Contract No. AF 49(638)-1736. 

This report was also a dissertation submitted by the author in partial 

fulfillment of the degree of Doctor of Philosophy (Psychology) in the 

University of Michigan, 1968. The doctoral dissertation committee was: 

Professor Arthur W. Melton, Chairman, Associate Professor Wilfred M. Kincaid, 

Associate Professor Edwin Martin, and Associate Professor Richard W. Pew. 
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ABSTRACT 

Although there has been a considerable amount of work on short-term 
memory for verbal material, little has been done to examine the extent to 
which the findings applicable to this area can be generalized to non-verbal 
material. Some work with discrete movements has indicated that, unlike 
verbal material, there is a rapid, apparently spontaneous decay of a dis- 
crete movement over a short interval of time, even when long intertrial 
intervals are used. It is also found that, although the interpolation of 
information-processing tasks in the retention interval does not affect 
the retention of discrete movement, retention is adversely affected by 
the interpolation of additional motor movements. 

A series of three experiments examined retroactive interference in 
the retention of discrete movements, and used this technique to examine 
the encoding of a discrete movement. The apparatus used for this purpose 
was a manual lever which could swing in a horizontal plane. The lever 
could be moved by £, or it could be mechanically driven, moving S/s arm 
through some predetermined angle. 

The first experiment involved a retention interval of 9 sec, with 
three interpolated movements. Effects examined were whether recall over 
the same path as used during presentation was any better than recall over 
a different path, whether there were any effects associated with the 
direction of movement during presentation and recall, and whether there was 
any significant practice effect in this situation. Results showed a sig- 
nificantly increased absolute error resulting from the interpolated movements, 
but none of the other manipulations had any effect. 

In the second experiment, the position of interpolated movements within 
the retention Interval was examined, as there is an indication in the 
verbal literature that Interpolated material Is most detrimental when it 
occurs early in the retention Interval. Results showed a significant 
tendency for recall to be poorer when material was Interpolated toward« the 
end of the retention Interval. Possible reasons for this were discussed» 
and it was concluded that the spontaneous decay effects found with discrete 
movements were responsible. Similarity effects along the dimension of 
angle sis« were not found. There was no tendency for recall to be poorer 
wh«n th« interpolated angle wa« closer in sis« to the target angle, nor 
for the poorly-recsivled angles to err towards the magnitude of the inter- 
polated angle. 

In the third experiment, the Interpolated material Involved different 
components of a complete movement, as it was argued that those components 
which were most important for the encoding of a movement would produce th« 
greatest interference. Interpolated material included, (a) preparation of 
the movement, in which £ began a movement which the apparatus completed for him. 
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and (e) passive movement, in which S_relaxed while the apparatus moved his 
arm through the entire angle. Results indicated that forgetting was 
directly related to the amount of motor output produced by S_ during the 
retention interval. A novel and independent means has therefore been used 
to show that the most important information used to encode a discrete move- 
ment is the motor output required to execute that movement. 
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CHAPTER I 

THE RETENTION OF DISCRETE MOVEMENTS 

In the past few years there has been a rapid increase in the number of 

studies concerned with the retention of discrete movements. The respon- 

sibility for this lies largely with the demonstrations of Adams and Dijkstra (1966) 

and Posner and Konick (1956a) that discrete motor movements could be used 

to study similarities between verbal and motor short-term memory (STM), since 

they are amenable to many of the manipulations that have long been favorites 

in the verbal field. While this recent literature has largely been concerned 

with showing whether decay or interference effects predominate in motor STM, 

there is a body of earlier work concerned with the general question of how 

a motor movement is retained under circumstances where vision is not used. 

Both of these areas will be covered in the present review. One large body 

of literature which will be omitted is the work on knowledge of results, 

an area adequately reviewed by I. McD. Bilodeau (1966). 

The Encoding of a Discrete Motor Movement 

Except for some earlier studies in the German literature (referred to 

in Hollingworth, 1909), the earliest known study devoted to the performance 

and retention of discrete motor movements is Woodworth (1899). This covers 

a wide range of aspects of the performance of voluntary movements, and contains 

many simple but astute observations, and a wealth of experimental data. 

Its importance is only slightly reduced by the fact that Woodworth used him- 

self as his £. 

On the performance of discrete movements, Woodworth raises the question 

of whether a given movement extent feels any different if made at different 

. . ^_ 
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degrees of contraction of the muscles involved. The £ stood iti  one position 

in front of a blackboard, with his eyes closed, and drew a series of four 

or five subjectively-equal lines, end to end, beginning as far to the left 

as possible, and ending as far to the right as possible. It appeared that 

those lines drawn at the middle of the arm's movement were consistently 

longer than those at either end. Similar results were obtained by 

Hollingworth (1909) who had Ss move a slider along a track under similar 

conditions. The conclusion drawn is that because movements in the middle 

of the limb's range are more common, they are the easiest, and give rise 

to less sensation than equal movements at the extremes. Consequently, in 

order to produce movements which give rise to equal sensations, it is 

necessary to make movements which are longer in the central area of the 

range than at the extremes. 

Whatever the explanation of the phenomenon, Hollingworth construes 

these data as evidence that these judgments of extent are not based upon 

joint sensation. Since equal line segments when drawn at the movement 

extremes result in less rotation of the shoulder joint than when drawn in 

the middle., judgment based on this joint would lead to an overestimation 

of a given length when drawn in the middle, rather than the underestimation 

which is found. Ruch an argument as this perpetrates a confusion analagous 

to the sign/code confusion discussed by Uttal (1967). The simple fact that 

shoulder rotation expressed in degrees is related in some way to the 

movements under study does not mean that ths movement need be encoded in 

terms of a linear transformation of the number of degrees of shoulder 

rotation. It may be that, (a) the shoulder joint has nothing to do with 

the sensation, or that, (b) the shoulder joint is more sensitive to movements 

^;-.^''_iv:.yv.,i,.^if,,.^ ^......^^..^.^r^..: v.v.; v. ■■:.....l,---r.^;;^W.^ ;,iL^ 
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at its rotation extremes, or even that (c) there is some elaborate trans- 

focmation of the output of the joint receptors which results in a greater 

sensitivity at the rotation extremes. Functionally, (b) and (c) are identical. 

With respect to both of these, Howard and Templeton (1966) quote a finding 

of Angier (1905) indicating that sensitivity to passive movements is not 

greatly affected by the position of the joint. The importance of this 

finding would depend on whether active and passive movements produced the 

same effect upon joint receptors, a point on which there is little information. 

In spite of this, Browne, Lee and Ring (195H) found that anaesthesia in a 

human big toe joint reduced its sensitivity to passive movement. There is 

some evidence, therefore, that joint sensation is not ruled out as a source 

of information in making a series of equal-length movements, but there is 

no evidence that the joint sense itself is directly responsible for the 

underestimation of movements in the middle of the range. 

Hollingworth makes a similar oversight in ruling out muscle receptors 

as the source of information in making a movement of a particular length. 

He suggests that because different muscles are used at different points 

in the whole movement range, the degree of muscle contraction could not 

provide an adequate basis for such judgments. Yet it is possible that 

the information from all the muscles involved is integrated centrally 

to provide a single intensive analog of the position of the limb. 

Mountcastle, Poggio and Warner (1963) have shown this to occur at the 

tl^alamic level in response to movements of the knee joint of the cat and 

monkey. 

One example of the type of study Woodworth carried out has been 

given above. Many others were also directed towards discovering just what 

..-.^.,^.^^  ..^.,^.^^..t.fcl^..:.3.^„^^i.^.,J........^ M m 
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is sensed and remembered when a movement of a particular extent is made 

without vision. Possibilities considered are that it is the force exertec 

the time taken, the two positions marking the beginning and end of the move- 

ment, or some more direct sense of the movement extent, independent of any 

of the previous factors. In order to test this, Woodworth drew a line 

under one set of conditions, and then attempted to reproduce the extent 

under different conditions. To test the effect of force, the S_drew a 

heavy line and then reproduced a light one, or drew a line and then repro- 

duced the extent by marking the end points with dots. For the effect of 

time, S_drew a line with a fast movement and then Reproduced it slowly. 

The S_ also reproduced a line in a physically different location, as in the 

equal-segment experiment mentioned above, and even drew a line, swung his 

arm to one side, and then attempted to reproduce the line in the same position. 

Measurements were also taken under conditions where more than one of these 

changes were made. Although significance levels were not given, and some 

of the measures seem strange in comparison with present customs, the im- 

plications are clear. In the line-drawing situation Woodworth used, any 

change in the conditions between the original line drawing and the reproduction 

resulted in some decrement in the performance. Bv*f even in that condition 

which was most remote from the original, where a line drawn with the hand 

was reproduced with the foot, the error was still only in the order of 25% 

of the original length. The implication, for Woodworth, is that "there must 

■be a sense of the extent of a movement, a sense which is not reducible to a 

sense either of its force or of its duration, or of its initial and terminal 

positions (op. cit., p. 80, italics in the original)." 

■t.'«^.*...^^.-...-»'-;.-./:-^..; ;.-■.- ...—■.■.■-, ..._■■■■ ■ ■ .-v;. „:.._■ , ...„..,.-..■..:*.-: -^^J^| 
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One alternative source of information on the movement extent is the 

innervation, the motor output, required to perform the movement. Woodworth 

dismisses this as the sole basis on the grounds that other evidence shows 

Ss to be capable of making a movement and then judging it to be incorrect. 

If the innervation were the sole basis, how could the £ ever' know he had 

moved incorrectly? 

Two points will be made with reference to these conclusions. First, 

when a movement is made, there is nothing else involved but some preliminary 

decision making, the motor output, and the various kinds of feedback 

generated by the output. The production of a single movemert is undoubtedly 

a complex affair, but, if there is any phenomenon which can be labelled 

a direct perception of the movement extent, it must, logically, be a product 

of these components. Given the integrational capacities of the central 

nervous system, it is possible that a representation of the extent could 

be obtained by abstraction from some or all of the components, and it is 

this abstraction which is retained. The errors that Woodworth found to 

result from changes in the original conditions would then result from 

translating the abstraction into the new specific instance. Because the 

abstraction would probably retain some of the specifics of the original 

movement, the more of these that are changed, the greater would be the 

translations! difficulty. Before too much is made of this, however, it 

should be remembered that Woodworth used himself as his 15, and the experiments 

should therefore be replicated* 

The second point is in reference to Woodworth*s dismissal of the 

innervation or motor output as the source of information on the movement 

extent. If what is stored is just the instructions for producing the 

... ....   . .....,..-.-. --, -,  ,.^../L- 



original output, or the original motor program, as Keele (1968) would call 

it, then this program could be activated in order to produce a movement 

identical with the original. But when some conditions at the time of repro- 

duction are different from «.he original, a translation of this program 

would have to be made. Upon execution, the new program could be compared 

with the old by means of a central feedback loop, and the results of 

this comparison could lead to a judgment that the movement had not been 

made correctly. Alternatively, it may be that this translation can only 

be made at the time of actual execution« hence the fact that judpieati 9f 

its correctness can only be made after it la too late to correct the 

translation. Further evidence, largely from studies which have attempted 

to remove kinaesthetic feedback cues, will be given to support the position 

that feedback from the movement itself is not an important factor in these 

judgments« 

The Role of Kinaesthetic feedback 

Lashley (1917) reports a study on a patient most of whose leg efferents 

were missing as the result of a bullet wmund to the spinal cord* The fact 

that the patient could not keep his lower leg in a fixed pmitim* rat y«t 

was unaware that he was not doing so, indicated that no fuoetioeally useful 

afferents rfmained. Lashley indicates that this patient, was. able to make 

movements of a consistent amplitude when asked to repeat the same movement 

several times. In order to do this, he must have beet» able to remember 

the original motor outputs, and have been able to reproduce thsm, since mo 

other Information about the absolute positions «»f his leg or the movement 

extent was available. Ve are IM* told whether intact |s are able to perfoi« 

thiis task with greeter accuracy, teut LasM*y's findityi by itself means that 

m^ii 
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the original motor output can ba ratainad, and contains sufficient infomation 

to parait raproduetioc of tha «ovosent. Other teats showed that when the 

patient was asked to »ove his l«f through a fixe* angle egaünst various 

spring loads he was unable to do so, indicating the fact thai afferent 

stiaulation is needed to penm costpensatton for changes in  the load 

conditions. 

iaialo (1966» 1957) eKaBined the perfomsnce of a si »pie tapping task 

under klnaesthetic sense lost ttm ischa^iia. A sphygsoasnoaeter we» 

applied to S's upper ar«, with the reeult that after 2% min.  or less all 

kinaesthatic sensation was lost, as judged by the fact that £ could not 

detect a aoveaent of his finger aada either by C or by hiaself. He could, 

however, still tap his finger, although not at the MNisMB rate. Since 

other evidence indicates that Ss poasassed auff tciant guscular strength to 

parfora the task, the rate decraaent is interpreted as evidence that 

feedback la necessary for the bast possible parforaanca of such a task. 

this suggests that Ss were not parforaing the tapping task autoaeticaUy, 

but ware wilting, for faadbiiek froa each response before initiating the next, 

tasslo i§«.s present evidence that Ss were ^le to learn to parfora at the 

non-iathaesiie rat« after sev«ral satsions under ischacaia. It would probstly 

■tec fl» fas*, to©, tint a aiusieal-iiistruaent play«r, ©r scaeoiie who had 

already learned to tap his finger at such a rat« that fl« feedback could 

not ba «onltored after aseh tap» would not be affected % the iiehasaia, 

at least for 'Short bursts of tap». It -tharefor« apfNiars that for rapid 

aoter responding, where feedback is ciistoBsarily »onitCved after .meh 

raspense, the response rate is depressed by reaoval of the feedback» 

bat that Ss can learn to parfora without it« 

MM^Mimj__i__i1J__iI_L_^_|
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On the question of uheth«r d response can be reteineü when that response 

Is Intt.'aUy fserforsed without feedheek. Knappt Tauh and bcman (1963) 

and Taut«, bscon and Bermsn (1965) carried out so«e infomatlva work on monkeys. 

Th<?y d*»aff@rf»nted th* f ■r^i;ot , neck and shoulder ®f  a serieä of aonkeys 

by sectioning the appropriate dorsal roots* Evidence Is given that all 

sensation waä in fact abolished. These Bonkeys were able to Ivarn to flex 

•;,'■.-. d««ff«rented «xtreraity In order to avoid « shock in a trace conditioning 

situation, even though they could not see their liob. In order to «xaainc 

the perfomance of a «ore coordinated response. Taub» CUnin and Beraen (1966) 

showed tnat deafferented aonkeys could learn to grasp a fluid-filled bag 

in order to avoid a shock, again without vision. In order to learn such a 

response, the aotor output required oust hive been retained fro« one trial 

to the next. 

In suaaary« it appears that although feedback is required for the 

perforaanee of soae responses, a response can be retained even though it is 

perforaed without feedback, further quantitative evidence on the retention 

of a response initially perforaed without feedback is needed. Until then, 

the question of whether the presence of feedback at the tiae of the original 

perforaanec is of any benefit at all in the retention of the response cannot 

be answered. 

The Slailarity of Motor and Verbal Short-Tera Maaory 

Although there have been -.any studies of factors which affect the for- 

getting of verbal aaterial, these factors have not been studied to any 

great extent in the field of aotor or skill learning. This has perhaps 

been for the siople reason that aost studies of the long-tera retention 

„ - „        ■■,,„ 
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of notor r«spoas«s h*v« shown vory little forgettlnf, 4nd ths? the»« 

iitnlpttl«tioM which have been au«opted hav« had littW «ffoct on retention. 

However, «• shown by Asaons« Terr, Block, KeuBier., Dey etui Karion (i9S8), 

SOM discrete »otor tesks ere repidly forfottso, end it My only be con- 

tinuous aotor tasks which are so resistant to forgetting. Adens $1SS<I) hes 

suggested that discrete tsotor tasks are like verbal re£ponä<m In their 

susceptibility to forgetting. There is reason to believe, however, that 

those tasks which are retaiosd better are not necessarily continuous, but 

involve "ergeniisd pattsrns of response, or ■•amngful sequences of BOtor 

adjustaents (Haylw and Briggs, 1961, p. 6).M In view of llaylor and Briggs' 

review, this will not be discussed further here. It does seen, howevtr, 

that certain discrete tasks involve the sane order of forgetting over short 

intervals as is custonsrily observed in verbal STN studies. 

The esistencs of this rapid forgetting has led a nunber of workers to 

study the phenonenon with largely the sane techniques thit have been brought 

to boar on the verbal analog. Adans and Dijkstra (1966) had each S neve 

an unseen slide along a netal btr until ft struck a stop, and then return 

the slide to the start, leaving hie hand on the slide. After a retention 

interval of up to 120 sec., during which the stop was renoved, S estinsted 

the original nevenent. Sone of the conditions in this «Mperinent involved 

presenting the novencnt up to IS tines before beginning the retention 

interval. The results are shown in Figure 1. For all conditions thsre was 

substantial forgetting over at least an 80-sec. unfilled interval, according 

to a function which appears very sinilar to the forgetting function for a 

ainilar nunber of presentations of a three-consonant trigran with a filled 
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Fig. 1. Itrtomanem cupvts for thr«« r«lnforo«Mnt condition« u m 
function of recontion Interval. 

r«tontion Interval (Hollyar, 1962). Th« Authors coosidtr at MM longth 

th« |>oss{bility that So verbally encoded the Mveaent« and that the forgetting 

represented forgetting ot  this verbal aodiator. If this were so, Ss would 

have bed to label accurately seven positions between 10 and 9<t c«, a 

difficult task to perfom reliably given the huewn absolute-ju^giben^ 

capabilities. And again« if Ss were using verbal labels* auch less for- 

getting than actually occurred would be expected« as thore was aaple 

opportunity for rehearsal. Poener and Konick (1966a) were also concerned 

with the possibility of verbal labelling, and they included a group which 

was told the actual distance in inches, rather than being presented with the 
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•ov«*«nt. Th«M St g«D«r*lly p«rfonMd wars« than Ss who wer« «ctiMlly 

glvm th« awof without th« v«rhal Ubtls. Non« of chose srgunencs 

or controls csapletely rules out the posrslhllity thst verhel labels ploy 

soae role in the retention of tasks such ss these, but they do Mke thst 

role st nost s nsll one. 

Retrosctive Effects 

The first Interference effects to be studied In fine short-ters retention 

of aotor response; were with issterlsl interpolsted in the retention Intervsl. 

In s series of studies Posner (Posner, 1966, 1967; Ponner end Konlck, 1966s) 

essnined the effect of vsrlous inferas it ion-process Ing tssks on ths retention 

of s discrete ootor noveaent. The sp^srstus they used wss »odelled sfter 

Bllodesu, Sulzer end Levy (1962), end involved s lever which coved in a 

vertical plans in front of S. Two oi these levers wtr« used\ ons for 

presentation, and one for recall. On each trial £ noved one of the levers 

fro« one stop to another, then perfortd the interpolsted task, and finally 

recalled the original aovsMnt by atteapting to «ovo the second lever through 

the saas angle or distance. Retention intervals of up to 30 sec. were 

used. Their Mjer finding was t.'mt an interpolated paper-and-prncil tssk 

has a detrlpental effect on recall only uhen S Is sTdle to s«« the Moveaent 

of the lever. Mien the tssk was purely klnaesthstlc, no such effect wss 

observed. This is in contrast to the verbal Situation where Posnsr and 

Rossasn (1965) dwonstrated that the greater the aaount of inforastion 

processed during the retention Intervsl, the poorer the recall of the 

verbal aaterlal. Posner (1967) coapared retention of a particular 

position with retention of sn sngle, or dlstsnce. In the letter condition, 

the starting position for recall was always a different position from that 

■^          :    -- ■ ■'' 
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at which eh« pr«s«Bt«Cion b«g«ii. The S uts thus forced to retain the engle 

■oved through rather than being given the option of reMabering either the 

angle or a pair of absolute positions. The lack of any significant differenco 

between thesa two conditions shows that the additional infomstion with 

respect to position adds nothing to S*s perforaance, a result which would be 

aapectcd on the basis of Hoedworth's (1899) finding that position infer* 

■at ion is not retained as wall as extant inforaation. 

Several other studies have investigated the affects of InterpolstJlng 

Mterial of one kind or another in the retention interval during the short« 

tern retention of a discrete aoveaent» Boswall and Bilodeau (l*»6«i> had 

Ss retrieve a pencil fro« the floor during the retention interval. This 

■oveaent produced poorer recall than when Ss res*iced still in front of the 

apparatua. The aeasure on which this conclusion was based, nowaver, was 

the correlation between the response prior to the retention interval and 

the response after it, taken across all Ss, a neature discussed in »ore 

detail by Bilodeau (1966). The initial response waa of no fined length, 

the £ was siaply told to Mike a response which seeaed natural to hi», 

bahrick (1966) hus criticised this Masure, minly on the grounds that 

decreases in this correlation are likely to take place over tiae as a result 

of factors other than forgetting. The absolute error data in the BosweU 

and Bilodeau study did not in fact reflect the differences found with the 

correlation aeasure. on the other hand, where differences in correlations 

are cited as evidence for the differential effect of one condition over 

another, with the saae retention intervale, it is leas likely that the 

effects are ertifactual. A further point is that, although the action of 

retrieving a pencil aay have had an effect, it was probably not the result 

■      i  ■ ■■     -i , r _—.^M^a,;—^MM^M—rtiMä 
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of one aotor task interfering with another, as one verbal task would interfere 

with another siailar verbal task. The action of bending over is too 

disslailar to that involved in making the target movement for such an explana- 

tion to be plausible. Furthermore, Posner (1967) found no effect of an 

interpolated paper-and-pencil task, which means that the motor component 

of such a task was not sufficient to result in a recall decrement. It is 

auch more likely» as Poswell and Bilodeau themselves imply, that the act 

of bending over to pick up the pencil simply disoriented, or "disengaged," 

as the authors put it, £ from the apparatus, with a consequent drop in 

Performanceo 

Blick and Bilodeau (1963) performed an experiment in which the inter- 

polated activity was much more closely related to the retained, or target, 

response. Both the target and the interpolated responses were arcs drawn 

on paper with the aid of a machine. The target arc was of a fixed length, 

and 13 trials were given to each £, between each of which S drew an 

interpolated are» again of a fixed length. There were five groups of Ss, 

the site of the interpolated are differing from group to group. The de- 

pendent variables were absolute error and the variance of the algebraic 

error. Results did not show significance for the Group x Trials interaction, 

suggesting that the different interpolated arcs did not differentially 

affect recall. A further experiment compared no interpolation with a single 

interpolated are» but again there was no difference between the two groups. 

This experiment attempted to maximise the possible effect of the 

interpolation by providing a series of trials» over which it was presupposed 

that interference would build up. However» the fact that the interpolated 

arc was always the same on each trial meant that the interpolated response 

•—^— ,  
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was probably being learned to some extent. The conditions therefore involved 

a single retained response, and a single fairly-well-learned interpolated 

response, conditions which could not be expected to maximize interference. 

An experiment by Williams, Beaver, Spence and Rundell (1969) has shown 

that interpolated motor movements can result in recall decrements when 

the target is a similar movement. Using a vertical lever, as in the pre- 

vious experiments, £ made a single movement which was recalled after 0 or 

30 sec. There was a series of such trials, with an intertrial interval 

of 15 sec. During the retention interval £ either rested, or carried out 

a digital paper-and-penciJ. task, or else he attempted to reproduce ©n the 

apparatus some angles drawn on successive pages of a booklet. The paper- 

and-pencil task varied in the informational load it presented, and some 

attempt was mad«s to vary the informational load of the angle-reproducing task. 

Results showed no effect of the digital task, and no effect of varying 

the informational load in either task. There was, however, a large detri- 

mental effect on recall produced by the motor task, indicating that the 

similarity of the interpolated task to the retained motor task is an important 

factor. On this level, at least, there is some relationship to the verbal 

situation, where the similarity of the interpolated material to the material 

retained is an important variable (e.g., Wickelgren, 1965). 

Pepper and Herman (1970) carried out a series of experiments on the 

retention of a discrete force response. On each trial £ either pulled or 

pushed on a knob attached to a force transducer, there being no perceptible 

movement of the knob during this process. During training, £ had to pull 

or push the knob until a line on an associated oscilloscope moved to a 

predetermined position. On recall, £ attempted to apply the same force 

 i .J^LL^.c:lfLimijWftI^nV.iNJ;vnlL:riirrlii^  "" ;:■,■ «.^i^-^.^^J^,.: 
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without feedback. In the first experiment, the forgetting function was 

examined over retention intervals from k  sec. to 60 sec. Analyses of variance 

on both absolute and algebraic errors indicated no main effects of force 

magnitude, fore« direction, or retention interval. 

In the lack of any forgetting over these unfilled intervals, this 

force response therefore behaves very much like verbal material, where there 

is very little forgetting of a single "chunk" over similar retention in- 

tervals (Melto.n, 1963). The fact that ^ had visual feedback during the 

training part of each trial may have been a significant factor, even though 

there was no visual component during recall. Posner (1967) found that an 

arm movement which could be seen both during presentation and recall behaved 

very much like a verbal item in that there was little or no decrement over 

a 20-sec. retention interval. In Pepper and Herman's second experiment, 

where an interpolated counting-backwards task was compared with an unfilled 

retention interval, there was a large detrimental effect of the counting- 

backwards task. This also agrees with Posner, who found an interpolated 

information-processing task to be detrimental only when the £ could see 

his arm. 

The third experiment reported by Pepper and Herman examined the effect 

of interpolating a single force response similar to the target response. 

There was no effect of the relative direction of the interpolated force, 

i.e., whether it was a push or a pull, but there was an effect of its 

magnitude. An interpolated force of greater magnitude than the target 

resulted in increased absolute and algebraic errors, but there was no 

difference between an unfilled interval and one filled with a force of 

i.iS^a.-.-V-^'-:,-.,:_.-i.-iiii^.^-t.K.'U-«!»«'^^.^--«! 
^i^^Jfe^^:-.- ^.a ■ ;i^ i^-itv! jh~'i*.^V. 
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lesser magnitude than the target. These data are interpreted as demon- 

strating classical assimilation effects, as are found, for example, in 

psychophysical judgments of weights and loudness (Woodworth and Schlosberg, 

1951, p. 229). The fact that this force response is on an intensive 

dimension, as are weight and loudness, where assimilation phenomena appear 

to be found, may give some insight into the reason why assimilation is 

found with the force response but not with the arc-drawing response, 

which is on an extensive dimension. Further work is needed, however, 

as Pepper aiul Herman themselves point out that the assimilation phenomenon 

should work both ways. An interpolated force of lesser magnitude than the 

target should result in a recalled force of lesser magnitude than after an 

unfilled interval, just as the reverse should occur for larger interpolated 

forces. Their results, however, show no effects of interpolated forces of 

lesser magnitude. 

In their final experiment, Pepper and Herman present the target force 

a number of times before the retention interval. This was in an attempt 

to replicate the results of Adams and Dijkstra (1966), who showed that in 

their motor task, repetition results in better recall, just as it does with 

verbal material. One, three, or seven repetitions were given prior to a 

20-sec. retention interval. The results of this experiment were contrary 

to previous findings in that repetition actually resulted in increased 

error, for both absolute and algebraic errors. The authors interpret this 

as a further example of assimilation effects, where repeating the response 

results in an augmented trace. An alternative possibility is that during 

the repeated presentations £ was not able to achieve exactly the same 

force each time, with the resulting confusion among the traces leading to 

,  v^"'-"rirtVrtirti^tM.'-Wi^'tti^ ■..,;■..■■.,.■....—i-..-^ -■■■■-.^■-'-^-■i.-*-^-:. ; h'i nhiii i---' -•■■■^■-"^--■■■■—>--■--■■■■-■-L'JJ-.■---■.:.. ■ : , ^u^.L^^jci^m^ 
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an increased error. One possible test of these two explanations could be 

achieved by examining practice effects. It should be possibl» for £ to 

learn to compensate for the assimilation phenomenon, but not for the trace- 

confusion effects. Further insight could also be gained into this process 

by presenting a series of reinforcement-test (RT) sequences prior to the 

retention interval, rather than just reinforcements alone. The trace- 

augmentation explanation would be supported if the tests indicated a 

steadily-increasing response tendency. 

In conclusion, it appears that Pepper and Herman have obtained effects 

with a force response which are significantly different from those found 

with some other motor responses. The possibilities remain that these 

results have arisen either from the visual guidance used during the training, 

or from the fact that the force response is on an intensive continuum, 

while other motor responses examined have been of an extensive nature. 

Proactive Effects 

In the short-term retention of verbal material, proactive effects are 

perhaps stronger than retroactive effects, and have been subjected to a 

wide range of experimentation. Keppel and Underwood (1962) were respon- 

sible for a clear demonstration of the effects of prior material. Since 

then, evidence has been amassed in support of the hypothesis that when 

similarity effects are responsible for interference in STH, it is only 

differences along an acoustic dimension which are important (e.g., 

Wickelgren» 1966) Bruce and Murdock, 1968). On the other hand, there is 

evidence that interference is also related to differences along a semantic 

dimension (Hickens and Eckler, 1968; Shulman, 1969), and Hintanan (1967) 

has suggested that an important dimension is that of place of articulation. 

^ -  - •— ■ • ■——^—-^^—^-. ■.^-_ -.-...      .. ,  ...    . _^_____J_ 
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lh* »»tor otcur« of thiit •rsics*Ufory-c«iloi «tltMHasion gives iap«nis to tlM 

sowrcb for furtbir tlttiJUupitloa b«t«««n vtrtel, «id aotor —wry» 

A prooitotnc ftoding in the f I«14 of verbal ST3f !• that rotantlo» In- 

croasaa as tha Intarcrl«! Intanral Ineraaaa«. in tha taras of iotarfaranca 

thmtyt proaettv« intirfMranea la a dacraaslng f^netioa of tba inicrtrUl 

Intarval (acg., Pataraon and Cantlla, 19iS; LOMS «and Uaugh, 1917). Savaral 

authors hava oonstruad tha rasults of tha Adaaa and iijfestr« (lüg) 

««imrlcä-tsKi *» tvldaoea that thar« ara no proactive ♦fleets in lotor loarnlni» 

Houavar, thas« authors usad mly « ilnfl», rathar long (3 ailn.) Intartrlal 

interval, in a dalibarata attaint to einiaisa any proaotlva #ffacts, and thay 

did not analyta rasults as a function of tha nuabar of prior trials. 

A diract tast of tha «ffact of iutartrial interval was carried out 

by Montag sa and Hillix Cltit). A linear aotor response was used, as in 

Adaaa ind Dljkstra (1968). Gach trial consisted of four aassad RT pairs, 

followed by a retention interval of S or 80 see., followed by a final test. 

An int«rtrial interval of 5, 20 or 80 sec. then followed* The two retsation 

intervals and three intertrial intervale were both between-gpoup variables. 

Results showed better retention for the three groups with the 5-sac. retention 

interval than for thoae with the 80-sec. interval, but no difference resulting 

froa intsrtrial interval. An exaaination of perfonaance on the four RT 

pairs, however, indicated a strong interaction between RT pair and inter- 

trial interval. Alter a S-sec. intertrial interval, perfoiraanca on the 

first test was significantly worse than after an 80 see. intertrial interval, 

but this difference vanished by the fourth RT pair. There were therefore 

soee effects of the taaporal proxiaity of prior responses, but not the 

large interaction between istertrial interval and retention interval that 
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MM found by fmtmum an* Gantll« U'HS) for vmriml wit«rl«l. ©n« r«a»sn 

for thlt aoy ham b—n that %h* four RT pr«s«M«tloiis rosulc«d in 3ueh over« 

iMurftin« of tbo ro^Moso that It MIS not susc«ptlbi» to intorforonc» ov«i* 

ih« rotoittlOB int*nr#l« ut«4« Anottew rmsm,  sugftstcd i;  th« autlvorm, is 

that tho ■«ron difforoot rospoot* Xongths usod, r^nglsig Iron i: em tu 3«* em 

In ««on «topi, my fmm boon Mghly itserteiivAbl«, and thorofw« mlnlmlly 

intarfarlng. But if this W«PO ao, no proacflvo «ffcecs would bo «Mpocted, 

ovan at tha first of tho four RT |»kosancation&. 

Tuo oxporiaonta hava racantly attaoptod to dmonstrata tha affacts of 

prior «ewaoonts on tha rotafition of a aovaaant. Ascoll and Schaldt (1969) 

and Stalaaeh (1969a) both praaantad oithar 0« 3 or «« novtnants prior to 

a target ■ovoaont« and found that ratantlon was worsa tha graatar tha 

n«abar of prior awronanta. In both caaaa, houovar, S uaa required to 

recall all tha praaantad Mvaaants in tha ravorse order of proaantation, 

but only tha fIrat-recalled ss^oaent, tha target, waa recorded. This 

uaa because ijork, LaBarga and Lagrand (196B) have shown that if s ia 

told to forgot potentially intarfaring Mtarlal» it interfarea leas, in 

both tha «otor studios under diicusalOY) th« authors ware concerned to 

taaalala« intarfaring affaota» so St ware required to recall tha interferlnt 

•atarial. However, in introducing thi» raqutrafiant« tha »wary load for 

each trial waa aade directly proportional to tha nuibar of prior responses. 

In view of tho r» Id decay of a aovaawnt responsov it would see« that auch 

responses «re difficult to raaaabar. Urge effecta of tha nunber of 

responses retained at a tine would therefore bo anpacted, which neans that 

tha reaults of tho anperlnents under discussion were «ore likely to have 

^^MMBi 
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: e.-ji cmi&i hy the mmory lotd factor tlmi tbt specific pflor «««.TüAI,. 

rUrctwivMr«, there Is no rouon why protetlv« effects ^suld not b« expoetid 

even If the fxrior response» were not betnf retained «t the tine of the test 

on the target respans«. hit tmi  it required» if the verbel anslof i« to 

be followed» is thst a series of RT presentations be aide fust prior to the 

target presentation. 

StelSMCh (1969b) exanined proactive similarity effects in the retention 

of »otor aovemnts over intervals of up to SO sec. £ach trial involved 

five responses« the last of Mhieh was the target response. As in the 

previous «*peristents« all responses were reealltd in reverse order, but 

perforaance on the target response only was recorded. The four prior 

responses were all either •S0, ♦10°, or ♦IS9 fro» the target« two larger 

and two ssaller responses being given in randoa order. Results indicated 

a significant effect of prior-response siailarity on both absolute and 

algebraic error». This effect was such thst the greater the siailarity 

the less the error, the reverse of the usual finding in ths verbal field 

(e.g.« Sickens, Born and Allen, 1963). The fact that there appesred to 

be no difference between the +10° and the ♦IS0 conditions, but a large 

differ«nee between these two and the *S0 condition, led the author to 

suggest that Ss osy have viewed the target response as identical to the 

+5° responses. The five presentations would therefore have been interpreted 

as five presentations of the one aovsaent. Since 5* difference in dis- 

placeaent corresponded to a aoveaent difference of only about .2S in., 

with target aoveaents froa 2 in. to S in., this interpretation is plausible. 

It could be tested by including a condition in which there were no prior 

responses, and if correct, recall for the 5° condition would be better than 
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for tli* oo-trlor-r««pcn«« eoiMiitioo. Th«re Is th« further posstHUty, 

/•filo miiMt«d by tht «tttbor, that what) « series of si®il»r mv*n#Ms sro 

filvso, $ wiy slaply hsv« siMKl# on ill fiv* reonils, for the sww, of the 

s«rl«s( « strategy which would result in « low «rror. Mh^r« dffttvimllÄr 

•oveawtits were Involved« «ny ord«r confusion would miamiszany resulf In 

large errors. Such order-retention prohlems wauM L« tartly Ä»«ilofäi«4 

by giving a neries of RT presentations« rather then r^^ulrlng S to retain 

five aoveMnts. 

lit general« it ceeas that there Is no clear widense f«r faroactlv« 

effects in aotor STN« although what evidence there is suggests tha% such 

effects sny exist. The Mjor difference that ha« emerged between aotor 

and verbal STN is that the a&tor response appears to decay rapidly over 

abort Intervals, even when as mich as 3 ain. is ailowed between trials. 

A »ore conclusive test of this effect would result froo an exauination 

of first-trial retention« thereby elüiinating all possible proactive naterlal. 

On the other hand« on th* basis of verbal data, 3 ain. would seea sufficient 

to ellainate prior effects. 

Kehearsal 

In th* area of verbal STM« rehearsal plays such a great part that if any 

recall decreaent is to be observed over short Intervals« active rehearsal 

aust be prevented with soae kind of distractor, such as counting backwards. 

The retention curve shown by Adaas and Dikjstra (1966« Figure 1) for a 

single reinforceaent of a aotor response airrors very closely the curve for 

the retention of a three-consonant trigraa over slailar intervals« when 

rehearsal is prevented (Melton, 1963). This suggests that a aajor difference 
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between the notor end verbel reipsnses Is thet there is no obvious Mey of 

r«h«ersing the farmtr.    It is interesting to speeulste ispon the possible Mty 

in which £ could rehearse « notor Movsnent, if ptrnittsd. Of course, one 

■ejor difference between the v«rb«l end the aoior situstion is thst in the 

veii^si case, so long «s S perceives the stiaulus «ceuretely» end it Is 

less thsn the »mupy span, he can rehearse knowing that he is rehearsing 

the correct response. The class of responses which is accepted as "corr«ct" 

is certainly relatively wide, but its Mabership is never in doubt. In 

th Motor case, however, S can have no such certainty, since the response 

lies on a continuua not divided in the way articulated sounds are divided 

into letters and words. Nevertheless, although S «ay not be able to 

rehearse the exact response, his perforsance nay be iaproved if he is 

allowed to rehearse in SOM way. And the way in which he rehearses aay 

sugfest the Kay In which the response is encoded. On the other hand, 

tht proble&s tssoeiated with rehearsal in the aotor «ode have led Atkinson 

and Shiffrin (1968) to suggest that "rehearsal in aodes other than the 

v«rbal on« Us] either not possible or of no value (p. 99).M 

Conclusion 

There are obviously aany probleas involved in the interpretation of 

th«* results of aotor wwory studies, and in relating the« to verbal «Mory. 

Almost all of these arise froa the nature of t'^e aotor response and its 

aeasurcaent. «ith the discrete aotor response, absolute error has been 

the favoured ae4sure, but algebraic error and its variance, and 

correlational aeasures, have also been used. Until the relationship of 

these »easures to a wide range of aanipulatlons is esaained, the aeaning 

of each of thea cannot be evaluated. 

      -- - 
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AD «vwr-pTMvnt problcn with discrete Motor respoiitses is th&t iMy 

inherently lie on • single distance contimiuB« end *t present the only 

«ees^re of perfonwnce bes been the distance or angle mvs4  through. 

Because of this continuun, eny recall, Including a wild guess, will ,< »s 

soae MMSureable relationship to the target. The effect cf this is to 

introduce questions about just how sinilar, in terns of iS6v«a*n( extent, 

a response hss to he before it Is considered identical. Sooe psychophysical 

data on aoveaent extents would ta extremily helpful here. The sane problsa 

«ppeared in the verbal field in the guise of the Skaggs-Robinson hyfjothesis, 

a probls« which wts elucidated by the coaponent analyses vf Osgood (19«*9) 

and Martin (196S). Sooe sinilar analysis nay well be required in the notor 

field before further progress can be nade with these discrete responses, 

and before they can be related to the continuous noveaent& of slclll and 

tracking studies. Battlg (1966) has suggested an inereai;«*d use of transfer 

studies in the exanination of the conponents of a notor -ask, and fox (1966) 

has given sone exaaples of how sinilarities between notw* and v«rb&l tasks 

nay have been obscured by nethodologieal and neasurenent differences, rurther 

sinilarities nay appear as the notion of articulatory coding (Hintznsn, 

1967) in verbal learning is developed. Although sone direct testn of the 

sinilarity between verbal and notor nenory have been attsnpted, there is 

stilk ^he question tf tdiether the differences that have appeared are 

genuin«, or a result of nethodologieal inadequacies. 
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UPOUNOfT I 

In tho pr«senr aocor rtttenclon situation, th» only previous «vid«nc« 

for r«troActive intorfcronce is froa th« «MfwriMnts of UiUi«as et al. (1969), 

which involved en unspecified nuaber of interpolated aovewtnts. However, 

since their Ss were told to »ove as rapidly as possible, it is likely 

that they were able to execute sore than just three or four aoveaents in 

the retention interval of 30 itee. In the present enperinent each Bovcaent 

will be pacsd by the apparatus, And in soae conditions a short "preparation 

tisa" will be necessary before the actual etceeution of the Interfering 

aoveaent. Since these requireaents aske it difficult to present Interfering 

noveoents at a ratf» faster than one every 3 see., it was decided to 

carry out a preliainary «speriaent In which the interfering _ ffect of just 

a few aoveaents would be tsaained. Previous evidence indicates that there 

will be considerable forgetting even when there it no interpolated aovamnt. 

The use of a long retention interval aay therefore result in a ceiling 

being reached which would reduce the observed effect of interpolated aove- 

atnts. The problsa of a ceiling effect is aggravated by the fact that 

even though the response has been forgotten coapletely, any ntcallad 

Dovcaent will bear soae aeasurable relationship to the target aovsaent. 

The naxiaua possible aaount of "forgetting" Is therefore autoaatieally 

reduced by the nature of the task. Because of this» a retention interval 

of 9 sec. was used, in an atteapt to reduce the aaount of forgetting 

that would occur when there ass no interpolated aaterial. Three aoveaents 

were interpolated in this interval. 

3* 
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Savaral oth«r «r«rUbl«a IMT« also «luwiMd in this «xpcrinent. One 

factor «hieb has not baan carafully controllad ia tba aovaaant of S'a arm 

during tha ratantion intarval. In tha HiUiau at al. (1969) study, and 

in fact in all tha ralavant atudias, Sa hava had aithar to move the lever 

back to tha starting point thaaaalvea, or else to remove their hand from 

tha lavar whila E moved it back to tha start. In all these cases the 

ra?roduced movamant was over a path physically identical to that used for 

presenting tha movement* In the case of Posner and Konick (1966a), where 

in one condition tha reproduced movement was on a different piece of 

apparatus, £ had to move hi a arm from the first lever to the second during 

tha ratantion intarväl. Although this study found no affect of changing 

tha location of tha reproduction from a position phyaically identical to 

that of tha presentation to one physically displaced, all tha conditions 

required S to remove hia arm from tha lavar between presentation and recall. 

In tha praaant anparimenta it was decided to try to have no additional 

movements made by S during the ratantion intarval. In ether words, after 

making tha initial motaner.c, S was to laava hia hand en tha lever, without 

moving it, until aithar an interpolated movement or reproduction waa 

required. This meant that in tha rest condition S could only make the 

reproduction by moving an equivalent distance further en in the same 

direction as tha initial movement, or alee by moving tha layer back to 

the starting point. If S ramambara absolute positions aa wall aa, or 

instead of» movement antanta, moving the lever back to the starting point 

would result in better recall. This was examined in tha firat experiment. 

In the reat condition, these two peasible methoda of reproduction 

confounded with direction of movement. Tha firat meat always be 

•MM^M 
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carried out in the same direction as the initial movement, and the second 

in the opposite. In the condition where there is interpolated activity, 

however, it is possible to remove this confounding. This was attempted by 

having two conditions for reproduction in the same direction in the 

interference conditions.  In one, the reproduction was over a path different 

from that of the initial movement, and in the other, it was arranged that, 

within limits, £ would be back at the original starting point just prior 

to reproduction, so that the reproduction would be over the same path 

and in the same direction as the initial movement. Finally, this experiment 

examined the effect of direction of presentation, and also attempted to 

see if there is any major practice effect in this situation. 

Method 

Apparatus 

The apparatus used was the same in all experiments, and is illustrated 

in Figure 2. Fitted to a right-handed student's desk-chair was a lever 

which could rotate in a horizontal plane through an angle of 130°. In 

its left-most position, the lever was parallel to S/s frontal plane, 

i.e., parallel to the back of the chair. For the purpose of measuring 

angles, this position was regarded as 0°, and angles were measured to 

the right of this point. The lever itself was equipped with an elbow 

support and an adjustable vertical bar which £ gripped with his hand. 

The distance from the lever's pivot to the vertical bar was adjustable 

from 28 to 35 cm, and for each £ the position was set so that the pivot 

was approximately 2.5 cm distal from the tip of the elbow. 

The lever was fitted with a bidirectional motor, a clutch, and a 

brake. With the clutch engaged and the motor on, the arm rotated at 

*~^.,^.  ■„■■.,.„.■„■., mitJi^J,..^.^...ft.l,-r,^..^i.,.t__.,.,,_J.^„, ..  —  —■ ---..-.■.   n.aWlJ 
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Fig. 2. An illustration of the apparatus, showing an £ grasping the 
lever. The screen is approximately 120 cm (48 in.) in fron 
of S^'s eyes. 

-'■ ""^-"a^r^ir«. ■ -^ . ^_  — • - J 
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5f fpm, and under these conditions a torque of 15 kg-cm (212 oz.-in.) was 

sufficient to cause the clutch to slip and the arm to stop moving. With 

the clutch disengaged, the torque required to overcome the sliding friction 

was approximately 6.55 kg-cm (49 oz.-in.) and did not vary appreciably 

over the range of the lever's movement. With the brake applied, the "slop" 

in the lever's position was less than +1°. There was a shield over the 

lever so that S_ was not able to see either the lever or his arm. 

Instructions were presented to £ on a CRT display controlled by a 

PDP-1 computer. The S^s eyes were approximately 120 cm (48 in.) from 

the screen, and the letters displayed were 11 cm (7/16 in.) high. During 

the experiment, S_and the display were isolated from £ and the computer. 

Because of the noise made by the solenoid-operated brake, S_wore close- 

fitting headphones with white noise, the level of which was high enough 

to mask the sound of the brake, but not so loud that any £, when asked, 

reported it to be uncomfortable. 

The computer was used, via a relay buffer, to switch on the motor 

power and direction, the clutch, and the brake, and via a potentiometer 

and an analog-to-digital converter, to monitor the position of the lever. 

All experimental events were therefore under computer control. 

Design 

A 6 x 8 x 2 factorial design was used, with six experimental conditions, 

eight target angles, and two directions of presentation, making 96 trials 

per replication. There were 28 Ss, each of whom was given some practice, 

and then a single block of 96 trials in a session lasting approximately 

1 hr. 20 min. The six conditions, which included two rest and four 

interference conditions, were as follows. 

^.^.-.W-,^.:! :;:.!:.■..; .:.^..:r.,,.v.;:k.;:.1.V-i-..-i.;i'-'.. v-.i,;. „..^^ .w-- ■- ...\-.-...^->.<.-l~*_*jU-..Arr^*'^- 
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1. Rest; presentation and recall in the same direction. 

2. Rest; presentation and recall in opposite directions. 

3. Interference; presentation and recall in the same direction 

from the same starting point. 

U. Interference; presentation and recall in the same direction 

from different starting points. 

5, 6. Interference; presentation and recall in opposite directions. 

Those trials from the first half of the experiment were designated 

as belonging to Condition 5, and those from the second half to 

Condition 6. 

These six conditions were chosen so that a set of five orthogonal planned 

comparisons, each with a meaningful interpretation, could be carried out. 

Details of the comparisons and their interpretations are left for the 

results section. 

Eight different angles were defined as target angles. They were 

5°, 10°, 15°, 20°, 25°, 30°, 35°, and 40°, and in each condition each 

angle occurred once with each presentation direction. 

Except for the duplication represented in Conditions 5 and 6, each 

trial was unique, making counterbalancing within each £ impossible. However, 

some attempt was made to ensure comparability between the first and second 

halves of the list presented to each S_. For the two rest conditions, the 

angles of 5°, 15°, 25°, and 35° were used in the first half of the experi- 

ment, and the others in the second half. For the trials in Condition 3, 

presentation was to the left in the first half for the odd angles and to 

the right for the even angles, with the reverse for the second half. 

Condition 1 was treated as Condition 3, but with left and right interchanged. 

■ 
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Those interference trials with presentation and recall in opposite directions 

which occurred in the first half were defined as belonging to Condition 5, 

those from the second half to Condition 6. Except for these restrictions, 

the trials occurred in random order. 

Using a set of rules to be described below, a list was constructed 

which was presented to four Ss. The list was divided into six equal 

"blocks," which were presented to the four Ss in these orders. 

1 2 3  U  5 6 

6 5 if  3  2 1 

3 2 16  5 4 

4 5 6  12 3 

For the first experiment, four lists were prepared, but only the first two 

orderings of the last list were used. It was initially intended that at 

least 16 Ss would be run in this experiment, but when the computer broke 

down after 14 Ss, the data was examined. Since the results were clearly 

significant for the main manipulation, the experiment was terminated at 

that point, even though the balancing was incomplete. 

The construction of each trial.—For each trial the starting point 

for each target movement was chosen from within a 90° "working range," 

using only whole numbers for the sake of simplicity. The working range 

was between 20° and 110°, so that there was an additional 20° of movement 

at either end, before the lever struck against the permanent stops. The 

starting points for all movements were chosen randomly, but with the 

restriction that if each movement was made accurately the lever would 

never move outside the working range. This restriction meant, for example, 

■  ■■...-;.:-.JM. ^-J.....  - ■-■-  ■■   ■■        ■ ■        -— *— ■ ^—    ■ ..^^.^i.^. 
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that if th« target angl« was H0o  to the right in Condition 1, where pre- 

sentation and recall were in the same direction, the starting point was 

in fact chosen randomly from the range between 20° and 30°. 

In Conditions 3 to 6, the interference conditions, three movements 

were interpolated between presentation and recall, each movement taking 

approximately 3 sec. The finishing point for each of these movements was 

chosen randomly from the working range, with the restriction that the dis- 

tance from the «nd of the previous movement must be greater than 5°. 

This restriction was imposed for two reasons. Firstly, to minimize the 

possibility that S. might be asked to make a very small movement which 

would not be recorded, and secondly, because the interfering effect of a 

very small movement might not be comparable to that of larger movements. 

There were further restrictions on the finishing position for the last 

of the interpolated movements, their position being, of course, the 

starting position for recall. In Condition 3, the finishing position 

for the third interpolated movement was completely fixed, as it had to 

be the same as the starting point for the target movement. In this case, 

the finishing position for the second interpolated movement had to be more 

than 5° from this point. In Condition <*, where presentation and recall 

were in the same direction but from different starting points, the finishing 

position for the third interpolated movement was at least 5° distant from 

the starting point of the target movement. Finally, for all conditions, 

the starting point for recall was such that S_could not predict the 

direction of recall. For example, if the retained movement was 20°, the 

starting position for recall was chosen from between 10° and 90°. 

ritlhiiliiWaMMIÜiÜiill.illii i     '■'■'      " -—— - 
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Procedure 

Th« program controlling th« «xpcriaont ms written to present a aoveaant 

for retention, any number of interpolated "events," and then to ask for 

recall, approximately 3 sec. being allowed for each of these. 

Each trial, including the first, began with the display of the word 

"REST" for 8 sec. During this period the lever was set to the starting 

position for that trial. At the end of this period, the words "GRASP LEVER" 

were displayed for 4 sec. and £ was instructed to rest his arm on the 

lever at this point. The words "MOVE AND REMEMBER" then appeared, with 

an arrow beneath them indicating to £ the appropriate direction for him 

to move. On this signal £ moved the lever in the direction of the arrow, 

until the brake came on. The brake, which stopped the lever much as if 

it had hit against a fixed stop, remained on for 2 sec., after Which the 

retention interval followed. 

For the rest conditions, the screen remained blank during the retention 

interval, and £ was instructed to keep his «cm still until some instruction 

appeared. For the interference conditions, a number and an arrow appeared 

on the screen as soon as the brake was released. The number represented 

the distance.' in degrees through which £ was to try and move the lever, 

while the arrow indicated the direction. Both the distance and direction 

were calculated by subtracting the position at which the lever came to rest 

from the required finishing position for the first interpolated movement, 

a positive result indicating movement to the right and a negative one to 

the left. After the number and angle display had been on for 1 sec., the 

word "MOVE" appeared above it. The S^ was instructed not to move until this 
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•ppMrod. One« £ stirttfd aoving, th« l«v«r*s position was rssd svsry 

200 MOC. Tbs ond of th« mmmmt was dsfinsd as having occurred if th« 

layer's position did not c!iang« by aora than 2° in any 200HM«C. period. 

Th« £ MIS ailowsd 2 sac. to cotplete the noveaent, aaklng 3 see. in all 

for each interpolated noveaent. Instructions stressed that each novenent 

had to be aade snoothly and deliberately» and that corrections could not 

be aade once S stopped aoving. 

After the first interpolated movement» the next two followed in the 

same way. At the end of the third, the word "RECALL" was displayed, 

together with an arrow indicating the direction. This was a sign for S 

to try to move the lever through the saae angle as he moved it when the 

"MOVE AND REMEMBER" instruction appeared. The end of this movement was 

defined in the same way as the end of an interpolated aoveaent, and 3 sec. 

were allowed for S to finish the aoveaent. At the end of this period, 

the word "REST" appeared, which was a signal for S to take his ara off 

the lever and rest it in his lap. 

Any tiae S.aade a aistake during a trial, a signal appeared for 2 sec. 

to indicate the nature of the aistake., and then this was followed by "REST," 

and the next trial was begun. This trial was then repeated at the end 

of the arbitrary "block" in which it occurred. If S moved in the wrong 

direction at the beginning of any movement, "WRONG DIRECTION" appeared. 

"TOO SLOW*1 indicated that a movement was not completed in the allotted tiae, 

while "KEEP STILL" appeared if S moved acre than +1° during the retention 

interval for the unfilled conditions. If S moved before the word «'MOVE" 

appeared during an interpolated movement, "DON'T ANTICIPATE" was displayed. 

Finally, although the working range was the 90° segment betveen 20° and 
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110° i S could move th« lever anywhere between 5° and 125°. If he moved 

it outside this larger range« the words "TOO FAR** were displayed, aau 

that trial was repeated. This in fact occurred very seldom during the 

experiment, but it was included to avoid the possibility that __ might 

hit the lever against the permanent stops at 0° and 130°. In such a 

case, these positions would have been read as defining the end oF a move- 

ment which £ may have intended to go beyond the stops» 

When £ arrived for the experiment he was seated in the chair, and 

the handle on the lever was adjusted so that the tip of his elbow was in 

a constant position. He was asked to move the lever through the limits 

of its travel, and was shown how to rest his arm in his lap between trials« 

and how to find the lever by feel, without looking for it visually. The 

instructions, reproduced in Appendix A, were then read to him. They stressed 

that the primary task was to reproduce the target movement as accurately 

as possible, but they also mentioned the measures that wet^e taken on the 

intervening movements. 

Each S was given two practice periods before the main experiment. 

During the first practice period, which continued until S completed five 

consecutive trials without error, E remained in the experimental room with 

£ and answered any questions as they arose. Instructions were then given 

on the bonus system, which was 3 cents each time £ reproduced the angle 

to within +2° of its correct value. The £ was told that he would be given 

feedback on his performance during the second practice period. This time 

E remained outside the experimental room, and each time £ made a successful 

recall, £ read the error as it was printed out on the computer's typewriter, 

and relayed it to the jS over an intercom. The second practice period ended 
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when S had «ttain«* the fT0  criterion three tioes» or had coopleted 10 trials« 

whichever took longer. He was then bfou^ht out of the experimental roco for 

a few minutes' rait before beginning the main part of tine experinent. The 

£ was told that the experiment would last about <t5 min., and that there would 

be a short rest half-way through. He was then seated, told to put on the 

headphones« and the experiment began. 

Subjects 

The Ss were 11 right-handed males who had volunteered to serve in paid 

experiments. They we.^e paid at the rate of $1.50 hour, plus a bonus based 

on performance. All were naive to experiments of this type. 

Raaults and Discussion 

The dependent variables were the absolute and algebraic errors, to 

the nearest degree. The experiment involved a total of 13»*u trials, of 

which 48, or 3.57%, were missing. Although trials on which £ made an 

error were repeated, there were some occasions when the papertape was mis- 

read, with the result that an attempt was made to set the lever at some 

non-existent angle, either below 0°, or above 130°. In such a case the 

program automatically went on with the next trial. For the purpose of 

an analysis of variance, the missing data points were estimated using a 

procedure similar to that suggested by Winer (1962, p. 282). For each £, 

the data ware divided into four sections, by separating the four smaller 

angles from the four larger ones« Each of these sections was then divided 

into two further sections by separating the trials with interpolated move- 

ments from the others. Data points missing from a given section were 

estimated using the marginal means from that section. The degrees of freedom 

for the residual term in the analysis of variance were reduced accordingly. 

—"•"^- ■- ■     --  ~J- ^iu^-t——i.»—^ —.„,...-, ^—..    ■ .^..^ ..-■.-  ..... ^..>— 



36 

Ovarall Analysis 

A four-way analysis of variance (Subjaets x Traatsant Conditions x 

Direction of Presentation x Angles) was carried out on the absolute errors. 

An F test was not carried out on Treataent Conditions, since these «aans 

w- re to K» subjected to a set of planned comparisons. All the other sain 

effects were significant. Tor the Direction effect, F(l,13) « I1».I1*, g. < .01, 

and for the Angles effect, £(7,91) « 10.It, £ < .001. The aaan for presen- 

tation to the left was ^.7«*», and to the right, 5,59". The »aans for the 

Treatnsent Conditions are given In Table 1, and for the Angles In Table 2« 

TABLE I 

MEAtl ABSOLUTE AKO ALGEBRAIC ERRORS (Xtl DEC. j AND 

VARIAliCES OF THE ALGEBRAIC ERRORS, FOR THE 

SIZE TREATMENT CONDITIONS: EXPERIMENT I. 

Absolute Alpbralc Vari- d.f. 
Error   aror  ance 

3. Interference; presentation and recall 
in the sane direction from the same   6.5»»   -0.H9 73.21  211 
starting point. 

t. Interference, presentation and recall 
in the same direction fro»., different   6.«»3   -0.«»6   69.38  21<* 
starting points. 

5. Interference; presentation and recall  „. ,a    A ..   ••, ••  m* 
in opposite directions (1st half).    6•78   ■0*13   §H'**     213 

6. Interference» presentation and recall  . -u    , M   _Q ..  ... 
in opposite directions (2nd half).    6,M    1,M   79,52  215 
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TABLE 2 

MEAN ABSOLUTE AND ALGEBRAIC ERRORS (IN DG6.) 

FOR THE ANGLE EFFECT: EXPERIMENT I. 

S* 10° 15° 

Aii|l« 
2oe        25° W 35° ^0'° 

Absolute Error 

Algclraie Emr 

3.93 

2.17 

5.10 

2.66 

5.12 5.25     6.08 

0.B3   -2.05 

-.6: 

-3.27 

^.98 

-3.51 

8.23 

-3..0 

TIM Anglo of foot indieotes that larger errors or« sssociotsdi »in 

larger angles, while the Direction effect Indicates that novenenta to the 

right, or auay fro« the body, were reproduced «ore accurately then tho-'. nade 

in the opposite direction, a finding which agrees with date from Brown, 

Knauf t, and Rosenbaua (19<*8). In an experiMnt using linear »ovements, 

these authors found greater accuracy of reproduction when th« aoveaent was 

away fro« the body than when towards it. This finding appliec to two of 

three planes ol1 Movement they exaained. The third plane involved vertical 

■ovoMnts, gravity presisubly being the cause of the inconsistent results 

in this ease. 
t 

In the overall analysis of absolute errors, there were four significant 

interactions. These were Subjects x Treatment Conditions, F(65,«07) a I.S8, 

£ <  .01, Treatment Conditions x Anglos, F(3S,<»07) « 1.60, £ « .OS, Subjects x 

Angles, F(91,ii07) • 1.93, £ < .01, and Diroetit#4S u Angles, P0,91) • 2.22, 

£ < .05. The significant interactions involving Subjects reflect greatec 

variability across both Treatments and Angles for some Ss than for oth^s^ 
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the other two interactions, both involving Angles, are the result of a 

divergence between the curves at the largest two angles. 

The algebraic errors were also subjected to an overall analysis of 

variance, with results similar to those from the absolute error analysis. 

The Direction effect was significant, £(1,13) = 13.52, £< .01, as was the 

Angle effect, F(7,91) s 19.63, £ < .001. The mean for presentation to the 

left was -1.89°, and to the right, .50°. Other means are given in Tables 1 

and 2. 

A sign test was carried out for each £ on the sign of the algebraic 

errors for each trial. Of the 1«* Ss, four had significantly more overshoots, 

three of these being at £ < .01, with the fourth being at £ < .05. There 

were five Ss with no significant difference between the number of overshoots 

and undershoots, while the remaining five Ss all made significantly more 

undershoots, all or these being at £ < .01. 

Hollingworth (1909) suggested that when a distance is delimited by 

having S hit against a fixed stop, there will always be a tendency for S 

to overestimate that distance on a subsequent reproduction. The present 

results indicate that this tendency is very much dependent on the ^ con- 

cerned > There is also the slightly negative grand algebraic mean, which 

suggests that there is, if anything, a prevailing undershooting tendency 

in this experiment. 

The Direction effect for algebraic error is such that movement., to the 

right, which are reproduced on the whole more accurately, are reproduced with 

a slight overshooting, while those to the left result in a larger undershooting. 
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The existence of this Direction-of-Fresentation effect leads to the 

question of whether there is also any Direction-of-Recall effect. Such 

an effect would not make any contribution to the Direction-of-Presentation 

effect, since each recall direction occurred equally often with each 

presentation direction. This information, as well as information about 

the interaction of presentation and recall directions, is available from 

the means for the Treatment Conditions x Direction-of-Presentation inter- 

action. Planned comparisons were carried out on these means to test for 

such effects. For absolute error, £(1,65) < 1 for both recall direction 

and its interaction with presentation direction. For algebraic error, 

the Recall Direction effect was not significant, F(l,65) = 1.22, but 

its interaction with presentation direction was highly significant, 

F(l,65) = 9.76, £ < .01. The means for this interaction are given in 

Table 3. It is evident that, within each presentation direction, the constant 

TABLE 3 

MEAN ALGEBRAIC ERRORS (IN HEG.) FOR THE PRESENTATION DIRECTION 

X RECALL DIRECTION INTERACTION: EXPERIMENT I. 

Recall Direction Presentation Direction 

Left    Right   Mean 

Left 

Right 

Mean 

-2.33 1.42 -0.45 

-1.45 -0.42 -0.94 

-1.89 .50 -0.69 
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eri'or is least when recall is to the right. This is in keeping with the 

general finding that movements to the right in this situation are more accurate. 

The study of Brown, Knauft and Rosenbaum (1948), which was mentioned 

earlier, also found that where a range of movements is presented, the 

smaller ones will be overshot on reproduction, while the larger ones will 

be undershot, a finding which applied no matter what the range of the 

movements. This generalization is supported by the present results, which 

show overshooting for the four smallest angles and undershooting for the 

four largest ones. This could be a result of guessing. Even if £ has 

completely forgotten the target movement, he is required to make some 

sort of recall. This "guess" is likely to be near the mean of the movements 

encountered, since such a movement will minimize the error score on these 

trials. Even a small number of such responses would result in an overall 

undershooting tendency for those angles larger than the mean, and an over- 

shooting tendency for those smaller. It should be noted that, although 

there is an overall tendency towards undershooting, this is not reflected 

in the results for each angle taken separately, and is in fact small compared 

with the overshooting and undershooting which appears in the means for the 

Angle effect. These results have some bearing on the idea that forgetting 

appears as a "shrinking trace," and they will be mentioned further in this 

context. 

Treatment Effects 

The six treatment conditions were subjected to a set of five orthogonal 

planned comparisons, each accounting for one of the five degrees of freedom 

associated with this factor. Table 4 gives the weights and mean squares 

Ihnii         i- ii i   ii M i m 
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TABLE h 

WEIGHTS AND MEAN SQUARES FOR THE 

FIVE COMPARISONS: EXPERIMENT I. 

Treatment Condition Camparison 

12    3    4    5 

1. Rest; presentation and recall in 
the same direction. 

2. Rest; presentation and recall in 
opposite directions. 

3. Interference; presentation and recall 
in the same direction from the same 
starting point. 

4. Interference; presentation and recall 
in the same direction from different 
starting points. 

5. Interference; presentation and recall 
in opposite directions (1st half). 

6. Interference; presentation and recall 
in opposite directions (2nd half1/ 

1   1 

1   1 

-1 

Mean Square 

Absolute Error 

Algebraic Error 

442.8  6.6  46.9  1.5  6.7 

1258.2 188.5 560.3   .1 150.9 

associated with each comparison. The error term is the Subject x Treatments 

interaction mean square, with df = 65. This was 34.97 for absolute error 

and 62.01 for algebraic error. For the absolute error, the only significant 

comparison was the first, between the rest conditions on the one hand, and 

the interference conditions on the other, £(1,65) = 12.66, £ < .001. For 

algebraic error, this comparison was significant, F(l,65) = 20.29, £ < .001, 

l^mm KUH  -^—»— ,.:..., _^.J...J._..^.^.V^ ^v ^.. J....-^. ,-,-»...„lt*t,.-*it* \liiii imU  ii in   '"      '     '•       :   ' '   ••• 



as was the second comparison, between the two rest conditions, £(1,65) = 9.04, 

£ < .01. 

The absolute error results suggest that there are no differences 

associated with whether recall is in the same or the opposite direction as 

presentation (Comparisons 2 and 3 in Table 4), nor with whether same-direction 

recall is over the same path as presentation or over a different path 

(Comparison 4). There was also no practice effect within the experimental 

session, as suggested by the lack of significance associated with Comparison 

5 in Table 4. 

A brief explanation of Comparison 4 is needed. Since the interpolated 

movements were entirely under the control of £>_, it was not possible to ensure 

that the starting point for recall In Condition 3 was always exactly the same 

as the starting point for the presentation, nor, for that matter, that these 

points were, in Condition 4, always the intended 5° or more apart. Because of 

this, the data were examined to discover the extent to which these conditions 

were fulfilled. The mean difference between the starting points for pre- 

sentation and recall was 8.6° in Condition 3 and 22.6° in Condition 4, with 

associated SDs of 7.0° and m.40. Although the difference between these 

means is highly significant, the relatively large difference associated with 

Condition 3 has the effect of weakening the conclusion drawn from Comparison 

•f. On the other hand, in view of the already-existing evidence of Woodworth 

(1899), the present data supports the conclusion that the absolute position 

at which the movement occurs is unimportant, and that Ss do in fact remember 

a movement extent as an extent, rather than as two positions of the limb 

relative to the body. One of Woodworth's findings was that, as in the 

.1, -..Hrttv".^.^.--' iiiiTfiltfniinr'-—-—-tV-— .^.^..-^i^,--,«,.^,^.;.:..^^.-«,^ —. — — 
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present experiment, shorter movements are reproduced more accurately than 

longer ones. There should be no differences associated with the length of 

the movement if S is remembering two positions. 

The results of the planned comparisons on the algebraic error were 

similar to those on the absolute error, with the exception that the comparison 

between the two rest conditions was significant, indicating a much larger 

undershooting for the case where recall was in the same direction as pre- 

sentation. This result is almost certainly an artifact. On a rest trial, 

when recall is in the same direction as presentation, the lever must be 

moved through two arcs which sum to an angle twice the size of the presented 

angle. This will on occasion result in a final stopping point which is 

close to, or at, a limit of the "working range." The knowledge that, if 

they go too far beyond this limit, the error signal "TOO FAR" will be 

displayed, may cause some Ss on some trials to stop short, resulting in an 

overall undershooting. 

Since Bilodeau (1966) has suggested that the variance of errors will 

increase as a result of forgetting, the variances associated with each of 

the treatment conditions are given in Table 1, together with the appropriate 

degrees of freedom. The degrees of freedom are less than the maximum of 

223 because of the missing data already mentioned. It is not appropriate 

to carry out a series of pairwise £ tests on these results, since the 

probability of a type-I error would be raised. However, Cochran's test 

(Winer, 1966, p. 9«0 was carried out, giving C = .215, permitting rejection 

at £ < .05 of the null hypothesis that variances are equal across the 

set of six. An examination of the variances makes it clear that almost 
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all of this inhomogeneity is caused by the differences between the rest and 

the interference conditions. It therefore appears that just three movements, 

interpolated in a 9-sec. retention interval, are sufficient in this situation 

to cause a significant increase In forgetting, as measured by the absolute 

error or the variance in the recall. 
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CHAPTER III 

EXPERIMENT II 

There is evidence in the verbal learning literature that there are 

significant differences in retention resulting from differences in the 

position of interpolated material within the retention interval. Gorman 

and Wickens (1968) presented consonant trigrams for retention, with another 

pair of consonants interpolated in the 10-sec. retention interval. Results 

indicated a non-significant tendency for there to be more forgetting when 

the interfering material came early in the retention interval than when 

it came late. Further evidence comes from Ligon (1968), who has shown 

that in the retention of alphanumeric material over intervals of up to 

4 sec, retention is adversely affected when similar items are adjacent 

to the recalled item. Although evidence has already been given which 

suggests that interpolated digital tasks do not affect the retention of 

motor movements, Raid (1967) found that if rehearsal of consonant material 

is prevented with an interpolated digital task, recall is much worse if 

rehearsal is prevented early in the retention interval rather than late. 

The evidence in connection with verbal material therefore suggests 

that when either similar material, or material designed to prevent re- 

hearsal, is interpolated in the retention interval, recall is worse if 

the material is interpolated early. 

In the present series of experiments, one was planned in which 

different types of material were to be interpolated at different points 

in the retention interval. Given the differences that have already 

appeared between verbal and motor tasks, it was important to determine 

«♦5 
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whether the point of interpolation is  a significant variable in the present 

situation. The second experiment examined this question by presenting 

two different amounts of material at three different points in the retention 

interval. The overall effect of amount of material was further examined 

by including conditions with completely filled and with completely unfilled 

retention intervals. 

Method 

Design 

The apparatus was the same as in the first experiment. In order to 

reduce the number of trials per replication, the number of angles presented 

was reduced to six, ranging from 15° to 10° in 5° steps. The retention 

interval was increased to 12 sec, thereby permitting up to four inter- 

polated movements. 

In Experiment I the effects of angles and of direction of presentation 

were significant, but, although the main effect of angles was of some 

theoretical interest, none of the interactions of therse two factors were 

of interest. In Experiment II, the interactions of angles with directions 

of presentation and recall were therefore confounded with the Subjects 

effect. Within each S_, each angle was paired, in a balanced incomplete- 

block design, with only one of the four possible combinations of the two 

directions of presentation and the two directions of recall. Across every 

four lists, however, all possible combinations occurred equally often. 

The retention interval in this experiment was 12 sec, permitting 

four interpolated movements, one in each of the four 3-sec. intervals 

into which the retention interval was conceptually divided. There were 

    --- -.,;, ..,_....;:■-J-r^^.:^- 
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eight different treatment conditions, in each of which the rotfitition in- 

terval was filled differently.  In Condition 1, the retention interval was 

unfilled.  In Conditions 2, 3 and ^ it was filled with just one inter- 

polated movement. In Condition 2, this movement occurred in the first 

position, i.e., in the first of the four 3-sec. intervals.  In Condition 3, 

it occurred equally often in the two middle positions, and in Condition 4 

it occurred in the last position. There were then three conditions in which 

the retention interval was filled with two interpolated movements. These 

were Conditions 5, 6 and 7, in which the two movements occurred in the 

first two, the middle two, or the last two positions- Finally, in 

Condition 8, the retention interval was completely filled with four inter- 

polated movements. The various ways in which the retention interval was 

filled are shown schematically in Table 5. 

Each £ was presented with 96 trials, comprising 6 angles x 8 treatment 

conditions x 2 replications, The trials were presented in random order, 

with the exception that one replication was completed before the second 

was begun. Any difference between the replications, therefore, constituted 

a practice effect. Within a replication, there were as many Condition-3 

trials in which the interpolated movement occurred in the second position 

as in the third, and if a Condition-3 trial had its interpolated movement 

in the second position in the first replication, it was moved to the third 

position in the second, and vice versa. Each list was presented to four 

Ss using the same orderings as in Experiment I. 

In making up each list, the rules by which the finishing points for 

each movement were chosen were the same as in Experiment I, with the 

exception that, in those trials where there were interpolated movements. 

---.-  -   -  "—'— 
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TABLE 5 

LOCATION OF THE INTERPOLATED MOVEMENTS WITHIN THE RETENTION INTERVAL 

FOR EACH OF THE TREATMENT CONDITIONS, WITH THE ASSOCIATED 

ALGEBRAIC-ERROR VARIANCE FOR EACH CONDITION: EXPERIMENT II. 

Condition        S-sec. Intwvl Variance     d.f. 

1st  2nd   3rd   4th 

1 .... 58.98        321 

2 X • • • 61.64 328 

3 • X—  X • 61.12 320 

4 • • • X 75.60 330 

5 X X • • 57.16 329 
9 

6 • X X • 65.01 326 

7 • • X X 84.68 327 • 

e X X X X 80.04 324 

no attempt was made to manipulate the starting position for recall relative 

to the starting position for presentation. 

There were again two practice periods, which were continued to the 

same criteria that applied in Experiment I. 

Procedure 

The practice sessions and the experimental session were administered 

In the same way, and with the same instructions, as in Experiment I. 

Within each trial, whenever the retention interval or any part of it was 

unfilled, the screen remained blank, and £ had to keep the lever still. 

If he moved, "KEEP STILL" appeared, as before. Again, aborted trials were 

repeated at the end of a block. 
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Subjects 

Thdir« were 26 right-handed male Sst drawn from the saoe sourca as In 

Experiment I, and all naive to experiments of this type. The base pay and 

bonus were the same as in Experiment I. 

Results and Discussion 

The experiment involved a total of 2688 trials, of which 75, or 2.8%, 

were missing as a result of apparatus failures of the same nature as 

mentioned in Experiment I. Since there was no case where a trial was 

missing from both the first and the second replication, each missing trial 

was simply replaced with the corresponding value from the ott'ter rerlication, 

and the degrees of freedom were reduced where appropriate. 

Overall Analysis 

A four-way analysis of variance was ajain carried out on the absolute 

and algebraic errors, the factors being Subjects, Practice, Treatment Conditions 

and Angles. The Treatment Conditions will be discussed below. The Practice 

effect was not significant in either analysis, HI,27) < l in each case, 

but the other main effect for both analyses was significant at £ < .001. 

For the absolute error, F(5,135) =7.30 for the Angle effect, while the 

corresponding value was 25.10 for the algebraic error. 

The Angle effect was of the same nature as in Experiment I.  In order 

to illustrate the magnitude of the over and undershooting associated with 

th' small and large angles, respectively. Table 6 shows the algebraic means 

for the six angles, together with the absolute means. 

_^ ~-*  ■ ■ .  . ■ ■   ■   "i   M  ■' ■ 
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TABLE 6 

MEAN ABSOLUTE AND ALGEBRAIC ERRORS (IN DEC.) 

FOR THE ANGLE EFFECT: EXPCRIKENT II. 

AntU 

15°    20«    25°    3W9    35°    «»O0 

Absolute Error      5.15   6.08   5.6«»   6.0«   7.«3   7.98 

Algebraic Error     2.35   2.1*3    .39  -0.81  -2.%7  -3.78 

The number of overshoots and undershoots made by each £ tiere examined 

with the sign test. Eleven Ss undershot significantly more often and 10 

overshot significantly more often. The confounding of the interaction of 

angles and of directions of presentation and recall with the Subjects effect 

makes the interpretation of these figures difficult. However» the sig- 

nificance of the overshooting and undershooting effects was in all but two 

cases at the 1% level or better. Combined with the evidence from Experiment I, 

this leaves little doubt that there are important individual differences 

with respect to over and undershooting tendencies. 

For absolute error, there were significant interactions of Subjects 

with Treatments, F(189,870) s 1.39, and Subjects with Angles, F(135,870) « 3.67, 

both at £ < .01. As in Experiment I, these reflect greater variability 

across Treatments and Angles for some Ss than for others. For the algebraic 

error, there were four significant interactions, all at £ < .01 c.r better. 

The interactions of Subjects with Treatments, F(189,870) * 1.39, and 

Subjects with Angles, £(135,870) s 3.67, reflect greater variability for 

some Ss than others, as was the case for the absolute error. There was also 

1 1 
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a significant interaction of Subjacts with Practice, £(27,870) = 2.09, 

resulting froa a rise in algebraic error for soae Ss and a fall for others. 

There appeared to be no relationship between an S^s overshooting or under- 

shooting tendency and whether his algebraic error rose or fell with practice. 

Of the 11 undershooting Ss, 7 showed a tendency for their algebraic error 

to fall with practice, wh.'.le 5 of the 10 overshooters showed such a tendency. 

Finally, there was a significant Treatment x Angles interaction, £(35,870) = 

1.82, again a result of a divergence between the Treatment curves at the 

largest two angles. 

In general, the large differences between Ss, and the multiplicity 

of interactions, casts doubt on the reliability of algebraic error as a 

measure of forgetting in this situation. It is included in these and 

subsequent analyses because much has been made of algebraic effects in the 

literature. 

Treatment Effects 

The overall effect of amount of interpolated activity on the absolute 

error is shown in Figure 3. This is averaged across Conditions 2, 3 and U 

to give the mean effect for one interpolated movement, and across 

Conditions 5, 6 and 7 for two movements. The significance of the effect 

of number of interpolated movements was tested with a planned comparison 

in which weights of -3, -1, -1, -1, 1, 1, 1, and 3 were used for the eight 

treatment means in order. The result was significant at the 5% level, 

£(1,189) -  6.5«». This confirms previous results, and goes further in 

showing a relatively linear increase in absolute error with an increase 

in the number of interpolated items. 
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fig. 3. Absoiuiw tirjt  ds d Function of anoune of intcrpoUttd Mtorlal. 
Th» fssulitä ot ilKpdPlnenc I «re shown for coopariaon. 

Th" rosulte of ^xporleaont 1, excluding the results for «ngles of 5° end 

10°, ire «tissu Indk.uad In Figure 3, for coap^rison. Because of the shorter 

r.'!.-im• ;«»}* SniMrvdl In Cxperln^nc I, the errorn should have been less than 

In iKi'prlnienr II. Thb largwr error evident in ehe Dcperinent-I results 

could he iiitrlhuted to differences in the Ss involved, or to error. The 

taci thai the vlopv ~t  the line Joining the two Cxperiawnt-l points is 

vojry uinlldr to the J«;;t-fitting line through Che CxperiMent-IX points* 

however, InJIcdt^ cli«ir the effects within Ss are consistent. 

Thu effect of varylng the position of interpolation within the retention 

Interval k shown Ir. Figute '«. In order to test this effect« separate 

— 
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1 MOVEMENT 
2 MOVEMENTS»-- 

1 
EARLY      MIDDLE      LATE 
POSITION WITHIN RETENTION 

INTERVAL 

Pig. U. Absolute error tov on« and two Interpolated movementit as a function 
of the poaition of the movements within the retention interval. 

analyses of variance were carried out for one and for two interpolated 

mrvoments. For the absolute error there was a significant effect of the 

position of the two interpolated movements, £(2,51) s S.51, £ < .01, but 

not for one mov^mont, r(2,5a) » 1.32. These effucts are shown in Figure k. 

The size of a standard error, shown on the graph, indicates that no importance 
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should b« attached to tht crossover in effects between the early and 

middle positions. No interactions reached significance in either of these 

analyses. 

Results for algebraic error indicated a Marginal effect of aaount 

of Interpolated material, £(1,119) ■ 3.31, .OS < £, < .10. Separate 

analyses for one and for two interpolated aovenents indicated that the 

effect of position on algebraic error was significant for one noveMent, 

P(3,5M) ■ 7.111*, £ < .01, but not for two, P(2,SU) < 1. HoMever, the 

Interaction of Subjects and Position was also significant for one Its«, 

£(5i«,253) * 1.51, £ < .05. An attempt Mas made to discover Mhether the 

effect for each S was related to his overshooting tendency, but the rank- 

order correlation between these two measures was .07, indicating no 

relatioiiship. 

The variance of the algebraic errors was also examined. Table 5 

shows the variances for the 8 treatment conditions, with the associated 

degrees of freedom. Por the 8 variances involving one interpolated item 

(Conditions 2, 3 and <*), C « .38, and for two items (Conditions 5, 6 and 7) 

C s .m. Both of these are significant at £ < .05. An examination of the 

individual variances indicates that, with the exception of Conditions 2 

and 3, which are almost identical, there is an increase in the variance of 

the recall as the interpolated material moves towards the end of the 

retention interval. 

The absolute error data from this experiment, as well as the variance 

data, suggest that two interpolated movements occurring in the first half 

of the retention interval have no effect on recall, while two movements 

...... .^„.■■^..■—.-.. w .    - -.■■.»■■■- —■■■ ■■'"- - ■■^.■-^.-^^.^.^^■^.^^»'M-^^aiMiimWkiLm^-^j.a   lÄiiMMi-^aiÄ - 
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in tht stcoMl half have as much effect as four movements filling the entire 

retention interval. 

Zn the verbal literature, considerable importance is placed on the 

similarity between the retained and interpolated items, as there is much 

evidence that retention decreases as the similarity between the retained 

and interpolated material increases. In the present experiment, these 

similarity effects could be manifested in one of two ways. First, it 

might be expected that, up to a point, the greater the similarity between 

the interpolated and the target movement, the poorer would be recall. 

And second, there might be some relation between the angles recalled and 

the interfering items, which would be analagous to finding intrusions in 

the verbal situation. 

These two possibilities were examined for the Condition-7 trials, 

whare two interpolated movements appeared at the end of the retention in- 

terval. The first possibility was examined by calculating the regression 

of the absolute error on the absolute difference between the angle presented 

and each of the two interpolated angles. For the multiple regression, 

£(2,318) s 1.39, which is not significant. The associated multiple 

correlation coefficient was .09. The second possibility was examined by 

calculating the regression of the angle recalled on the two interpolated 

angles. Again, the result was not significant, F(2,318) = .97, with a 

multiple correlation coefficient of .08. Finally, the regression of 

absolute error on the sizes of the two interpolated angles was calculated, 

with the aim of examining the hypothesis that larger interpolated angles 

might produce larger errors, without regard to the sign of the error. 
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The regression was not significant, £(2,318) ■ .85, with « multiple 

correlation of .07. 

All these results indicate that there are no simple similarity relation- 

ships to be found in these data. This suggests that, either similarity 

effects do not affect retention in this situation, or we are not looking 

along the correct dimensions, if the slse of the interpolated angle Is not 

a relevant dimension, what others might be enamtned? On« that readily 

comes to mind is the nature of the interpolated movement itself. Zt is 

known that an active movement similar to that being retained will cause 

an increase in forgetting. At the other extreme, neither the writing, nor 

the ment«! activity involved in an interpolated paper-and-penoil task has 

any effect. The next experiment examined this dimension, by Interpolating 

movements which Involved various components of the active movement which 

has been used thus far. 
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CHAPTER ZV 

EXPERIMENT III 

In this «NpcpiMnt, tht «in was to tKdnin« the «ffect of a range of 

different Interpolated fflovenents, each emb dying a different set of ehe 

eonponentn which might be seen ai comprising the retained movement. In 

the verbal situation, those dimensions of similarity which have been examined 

have been the acoustic or articulatory dimension, the semantic or linguistic 

dimension» and the dimension of formal similarity (e.g., consonants vs. 

vowels), as well as some others. The tacit assumption underlying such 

studies is that when verbal miterial is being remembered, only certain 

discriminating features of the item are selected and remembered. Since 

those features must be sufficient to reconstruct, or at least to me«!late 

successful recognition, of the item retained, they will be chosen from 

dimensions along which verbal material varies, such as those mentioned above. 

When Ss try to remember a number of items which have siailar values on 

the selected dimensions, it is found that there is more forgetting than 

when those values differ widely. A number ci different mechanisms for 

this forgetting have been proposed; but they need nut concern uu here. 

The point is that if a dimension can be found such that variation of the 

similarity of the retained and interpolated items along it affects 

retention, then that dimension has been used by S to remember the items. 

Information has then been obtained, albeit somewhat .fndirectly, about 

the way in which the items are encoded. 

The first step in applying this strategy to the present motor situation 

is to isolate some relevant dimensions. It is difficult to find dimensions 
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on which many different values can be readily obtained, but there are a 

number which can be represented dichotomously. If the retained movement is 

envisioned as involving a number of discrete components, then it is possible 

to present interpolated items that involve only some of these components. 

The word "item" is used rather than "movement," as some of these items might 

only involve the decision-making or central components of the act of making 

a movement. 

for the present experiment, the following four components were chosen 

as being both tractable and theoretically interesting. The first is the 

pcoparation or planning of the movement. Weiford (1968, p. mo) suggests 

chat brief movements such as the present discrete motor movement are 

"balliscic," in that they are initiated and carried out as a single unit, 

with £ monitoring feedback only from the beginning and end of the movement. 

This is quite plausible when applied to the initial target movement, where 

£ moves until he is brought to a sudden stop by the apparatus. Zt might 

not be so plausible in the cese of a movement such as one used by 

Hollingworth (1909), where a bell rang at some point in the movement, 

signalling to S that he should stop as rapidly as possible. 

This preparation component was manipulated by interpolating some items 

in which £ was given the angle and direction to move through, but then told 

"DON'T MOVE" instead of "MOVE." This will be referred to as a Movement 

Preparation item. In the previous experiments, the angle and direction 

were displayed for 1 sec. prior to the "MOVE" signal. The same applied in 

this case, and it was again stressed that £ should move as quickly as 

possible if "MOVE" appeared. It is therefore assumed that when "DON'T MOVE" 

nil »I ft trfik^r« rhmY'i w'rtt-mrt« i^1 "j-*" ̂
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appears, £ has used the prior l-sec, period to prepare the movement, but 

the movement is not actually executed. If the interpolation of an item such 

as this results in considerable recall decrement, it means that £ has used 

as one encoding dimension, perhaps an image of the distance to be moved 

through, or perhaps some transformation of the energy used to move that 

distance, or even an estimate of the time required to complete the movement. 

The second component examined was the actual initiation of the movement, 

including whatever feedback might result from such initiation. The item 

which involved this component, the Movement Initiation item, also involved 

the first component mentioned above. In other words, S was asked to 

prepare and Initiate the movement, but once he had moved 2° from the 

starting point, the apparatus took over and finished moving his arm through 

the displayed angle. If such an interpolated item had significantly more 

of a detrimental effect on recall than the first item to be mentioned, 

it would indicate that some aspect of the movement itself, specifically, 

the motor outflow, the feedback and whatever else may be involved in the 

initiation, is an important encoding dimension. The angle retained could 

be partly encoded, for example, in terms of the speed or amount of force 

involved in the initiation of the movement, but simply thinking about or 

otherwise preparing this initiation might not be sufficient. It may be 

that the additional components involved in the execution of this aspect 

must be performed before the interpolated item can in any way affect the 

trace of the retained item, or affect its recall. 

In performing both of these interpolated items, £ is exposed for at 

least 1 sec. to a display which indicates in degrees the extent of the 

 i -     .—.—, 
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movemont. If both of these two Itemrs are just as detrimental to recall as 

the complete movement used in the previous experiments, the display of 

this number may be responsible. The £ may transform the number into his 

mm measure of the extent of the movement, and this in itself may be 

sufficient to affect the retention of the original item. Less likely 

is the possibility that the original movement was transformed into a 

number, and that this interpolated number has the same effect as an inter- 

polated number would have on the retention of a number in a verbal-learning 

experiment. This is not likely because a single number is retained vary 

well over the time intervals involved in, say, Adams and Dijkstra's (1966) 

experiment, yet they found rapid forgetting of the movement over these 

intervals. Furthermore, the position effects found in the previous 

experiment would not be expected if verbal mediation were an important 

aspect of retention. 

Whatever the mechanism of its operation, the possibility that such 

an effect may be important was checked by including an item identical to 

the second, except for the absence of the number indicating the movement 

extent. This will be referred to as Movement Initiation Without Display. 

For this item, £ was required to initiate the movement, but he had no idea 

how far the machine would move his arm once the machine took over. 

The final component which was examined involved all those aspects of 

tha movement which are not concerned in the initiation and execution by 

S. This component will be termed the feedback component, since it involved 

some of the feedback associated with an active movement, but it would be 

best to define it operationally, in terms of the item used to measure 

r^T-''"-'-^^:! _: - 
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it, the Passive Moverotnt item. The £ saw the angle and direction display, 

but at the end of the 1-seo. period the word "RELAX" appeared on the screen, 

and the apparatus moved S's arm through the displayed angle. The S was 

therefore subjected to much of the feedback involved in making the complete 

movement. If an important aspect of the original movement which is retained 

is the feedback pattern it generates, then this item would be expected to 

have a significantly detrimental effect on recall. 

Method 

Design 

In order to measure the effect of these items, a 12-sec. retention 

Interval was completely filled with four examples of each item. The' 

previous experiment Indicated that two items at the end of the retention 

interval had almost as much effect as four items. Nevertheless, four items 

were used in this experiment rather than just two in order to obtain 

whatever small additional effect might result from the two early items. 

The use of four Movement Preparation items in a single retention in- 

terval posed the problem that «nee £ was exposed to the first of these, 

he would know that the remaining three would all be the same, and there 

would be no need for him to make the "preparation" that is assumed. It 

was therefore necessary to include a control condition, involving some 

examples of this item as well as some items in which S did actually have 

to complete the movement, exactly as in the previous two experiments. 

Such a complete movement will be referred to as an Active Movement item. 

Finally, two conditions were included for the sake of comparison. One 

involved a completely unfilled retention interval, and the other involved 
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a retention Interval filled with four Active Movement items. Because of 

differences between Ss» the values obtained for these conditions in 

Experiment II could not be used in evaluating the results of this experiment. 

There were therefore seven basic conditions in which the retention intervals 

were filled as follows. 

1. Four Movement Preparation items, in which £ was prepared to move» 

but was told "DON'T MOVE" at the last moment. 

2. Four Movement Initiation items, in which £ initiated the movement, 

but once he had moved 2° the apparatus took over and completed the movement 

as displayed. 

3. Four Movement Initiation Without Display items, each identical to 

a Movement Initiation item, but with no angle displayed. 

4. Four Passive Movement items, in which S was told to "RELAX" 

while the apparatus drove his arm through the entire movement. 

5. Four Active Movement items, exactly as in Condition 6 of 

Experiment II. 

6. A completely unfilled retention interval, exactly as in 

Condition 1 of Experiment II. 

7. This was a control condition, in which Active Movement and 

Movement Preparation items were mixed. 

The aim in constructing these Condition-7 trials was to make £ as 

unsure as possible, particularly on the last two items of the retention in- 

terval, whether each item would be an Active Movement or a Movement 

Preparation item. Since it would take too many control trials to ensure 

that all the transitional probabilities were equal, it was decided to 

i^a^.,-.! r:„,„ BJMÜJÜiaaii -' -- «ail      ■    ■       ^-.>^^5M^iattofaiJ.l.-..ii.^.i.mi.rt^..;iJ<U-V.I,l.«ll,KJ.Vi. I, -    .,.,.,..,,      ,  
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concentrate on the last two items of the retention interval, since, from 

Experiment II, these were where the greatest effect would be produced. 

The control trials were therefore divided into three types. In Che first 

type, the first item was a Movement Preparation item and the last three were 

Active Movement items. This sequence can be represented as PMMM. In Che 

second, the sequence was PPMM, and in the fourth, PPPM. On the very first 

item of each retention interval, if £ saw a number and an arrow, he could 

not tell whether that item would be Movement Preparation or Active or Passive 

Movement. The item was only identified once the words "DON'T MOVE," "RELAX," 

or "MOVE" appeared. If the first item was Movement Preparation, the 

probability that the next would also be Movement Preparation was .83. 

If the first two were Movement Preparation, the third was of the rame type 

with a probability of .80, and if the first three were Movement Preparation, 

the probability of the last one's being so was .75. The maximum uncertainty 

was therefore associated with the last position. 

All the manipulations were again within Ss. Each £ received 8U trials, 

made up of 6 angles x 7 conditions x 2 replications. The angles were the 

same as in Experiment II, and again, within each S, presentation and recall 

for any given angle size were always in the same direction. Across the 

32 Ss, however, each presentation direction occurred equally often with 

each recall direction, and each of these pairs in turn occurred equally 

often with each angle. 

The 84 trials were again arranged in six arbitrary blocks and the 

trials of one replication were all presented before the second was begun. 

The same arrangements of the six blocks were used to present a single list 

^^^■^^■^■■»Jl^MMli—  ...■■_^...-— ...——■—.■;-»■.■ 
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to four Ss. Apart from this, the trials were, as before, presented randomly. 

Within each trial, the restrictions on choosing the finishing points for 

each movement were as in the first two experiments. For Movement Preparation 

items, however, the fact that £ did not actually move had to be taken into 

account. Where a number of such items occurred consecutively, the 

"finishing point" for each was chosen independently and randomly for each 

occurrence. 

Three practice periods were given for this experiment. The first 

involved only Conditions 1, 5, 6 and 7, i.e., only Movement Preparation 

and Active Movement items, and rest trials. When £ had completed five 

consecutive trials successfully, he was given the second practice list, 

which involved only Conditions 2, 3 and 6. After again successfully com- 

pleting five consecutive trials, the third practice period followed. This 

was similar to the second practice period in Experiments I and II. The 

proportion of trials of each condition was as in the main part of the 

experiment, and feedback was given. This session was terminated, as before, 

when £ had reached the 2° criterion on three trials, or when he had completed 

ten trials, whichever took longer. 

The only changes in instructions from the previous experiment related 

to the new interpolated items. At the first practice period £ was told 

that the word "ERROR" would appear if he moved when "DON'T MOVE" was 

the instruction. At the second practice period, the importance of relaxing 

and letting the apparatus do the work when the word "RELAX" appeared was 

stressed, and instructions were given about Conditions 2 and 3. Details 

of these instructions are in Appendix A. 

.■■■:-■  i f fiii';riif''''-i~JC-' 
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Procedure 

Changes in the procedure from the previous experiments were relevant 

to the new items used. If £ moved when "DON'T MOVE" appeared for a Movement 

Preparation item» the error signal was "ERROR." If S_resisted during any 

of the conditions involving passive movement, so that the clut h slipped 

and the lever did not reach the finishing point by the time th 3 sac. 

was up, the error signal "YOU MUST RELAX" was displayed. A Movement 

Initiation item war signalled by the appearance of a diamond at ound the 

number indicating the size of the angle, for a Movement Initiation Without 

Display item, the diamond appeared, but there was no number ins de lt. 

Subjects 

There were 32 right-handed male Ss drawn from the same som ce as for 

the previous experiments. None of the Ss had participated in thh earlier 

experiments. Their base pay and bonus was as in Experiment I. 

Results and Discussion 

Overall Analysis 

Of the 2688 trials in the experiment, a total of 101, or 3. 6%, were 

missing because of apparatus failures. These were estimated, as in 

Experiment II, by replacing each with the corresponding value from the other 

replication. Degrees of freedom were reduced where appropriate. 

In an analysis of variance on the absolute errors, two of the 

main effects were significant; Angles, F_(5,155) = 10.74, £ < .001, and 

Treatment Conditions, F(6,186) = 2.34, £ < .05. The Treatment-Condition 

effects was subjected to an £ test, since no contrasts were planned on the 
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means. There were two significant interactions, Subjects x Angles, £(155, 

829) = 2.06, £< .001, and Treatment x Angles, F(30,829) = 2.78, £ < .001, 

for which the explanations are as previously offered. For the algebraic 

error, the same main effects were significant. For the Treatment-Conditions 

effect, F(6,186) = 8.27, and for the Angles effect, F(5,155) = 32.40, all 

of these being at £ < .001. There were two significant interactions. 

Subjects x Practice, £(31,829) = 1.8»v, £ < .01, and Subjects x Angles, 

£(155^29) = 2.98, £ < .001. 

The means for the Angles effect again indicated undershooting fr>r the 

three largest angles, and overshooting for the three smallest. The 

regularity of this effect can be seen in Figure 5, where the mean alge- 

braic error is shown for the angles in each of the three experiments. 

CXWttMCNT o EXPenWENT z EXWtWCNT n 

♦—I 1     *—* 
3040    M   W   *  90   9S   40 

ANSLt  PRItCNTgO  (OCO.I 

Fig. 5. Algebraic error as a function of target angle size for 
Experiments I, II and III. 
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An analysis of variance was also carried out on the latencies for recall. 

These were measured from the time the word "RECALL" appeared, to the time 

when S moved 2°. A square-root transformation was carried out on the data. 

All the main effects were significant: Subjects, F(31,829) = 34.67, f      .001, 

Treatment Conditions, F(6,186) = 10.21, £< .001, Practice, F(l,31) = 18.47, 

£ < .001, and Angles, F(*f,155) = 2.78, £ < .05. There were, in addition, 

three significant interactions with Subjects: Subjects x Treatment Conditions, 

£(186,829) = 3.65, Subjects x Practice, F(31,829) - 3.61, and Subjects x 

Angles, F(155,829) = 1.93, all at £ < .001. 

The Practice effect was such that the mean for the first half was 

1110 msec, and for the second half, 1052 msec- Even though there was no 

change In accuracy over the two halves, Ss did react slightly faster to 

the "RECALL" signal. These means, as well as all other latency figures, 

are the squares of the means obtained after a square-root transformation. 

The Angle effect, for which means are given in Table 7, is an enigma, 

as there is no obvious reason why Ss should react faster when recalling 

TABLE 7 

WEAN ABSOLUTE AND ALGEBRAIC ERRORS (IN DEC), AND MEAN 

LATENCIES (IN MSEC.) FOR THE ANGLE EFFECT: EXPERIMENT III. 

15° 20° 

Agle 

25°    30° 35s «♦0° 

Absolute Error 5.11 5.12 5.08 6.08 6.02 7.«»7 

Algebraic Esror 2.50 2.31 .29 -2.32 -3.31 -3.95 

Lftteney 1096 1111 1086 1057 1065 1069 
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some anglos than others. A possible explanation is suggested by the fact 

that the latencies for the three smallest angles are all larger than those 

for the largest ones. It may be that since recall is under a time restriction, 

and since the larger angles will take longer to complete than the smaller 

ones, £ reacts faster to the larger angles to be sure of completing them in 

time. 

Treatment Effects 

Figure 6 shows the Treatment Condition means for the absolute error. 

Since the Treatment Condition means were not on any type of scale, and 

IA 

Poisivt Movtmtnt 

Movtmtnt PrtporotiOA 

Rtit 

Movtmtnt Initiotion 

S Movtmtnt Initiotion 
g Without Oitploy 

Control 

Activt Movtmtnt 

M    «0 
ASSOUITC 

C9 TO 

Pig. 6. Absolute error tor  the seven treatment conditions. 
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there were no specific prior hypotheses about their order, posterior com- 

parisons were carried out using Duncan's New Multiple Range test (Duncan, 

1955) to examine all pairwise comparisons among the means. 

For the absolute error, the results of Duncan's test can be summarized 

schematically as follows: 

»♦162375 

Treatment means underlined by a common line do not differ from each other, 

whereas those not underlined by a common line do differ, the significance 

level being 5% or better. For ease of comparison, the order of the conditions 

in Figure 6 is the same as in Duncan's test above. 

It is clear that Condition 5 (Active Movement) produced recall which 

was significantly worse than almost all the other conditions. The 

differences between the means for Condition 3 (Movement Initiation Without 

Angle) and Condition 5 was .737°, while the difference required for sig- 

nificance at the 5% level was .7U50. This suggests that Conditions 2 and 3 

(the two Movement Initiation conditions), while not significantly different 

from each other, have together significantly less of an effect than 

Condition 5 (Active Movement). Removing fron the display of Condition 2 

(Movement Initiation) the number which tells £ how far he will be moving, 

clearly has no effect on the results. Similarly, simply asking £ to 

prepare a movement without his actually making on« does not have a sig- 

nificantly detrimental effect on recall. It may be argued that the 

transitional probabilities associated with the occurrence of an Active 

Movement item after a Movement Preparation item are not high enough to make 

£ seriously prepare a movement. Evan if this were so, it is hard to imagine 
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that S_ would not make such a preparation on at least some of the trials. 

And if this preparation had any effect, even if it were not sufficient to 

produce a significant effect under these conditions, it would at least raise 

the mean error above that for Condition 6, the rest condition. As the results 

show, both Condition 1 (Movement Preparation) and Condition »+ (Passive 

Movement) produced mean errors actually slightly below that of Condition 6. 

The interpolation of passive movements, as shown by the results of 

Condition 4, obviously has no detrimental effect on recall. The import 

of this is that S_ does not ramember the angle he moves through in terms of 

any transformation of the feedback it generates. This is in keeping with 

the physiological evidence, cited earlier, indicating that a response can 

be learned without kinaesthetic feedback, and that a consistent response 

can be executed without such feedback. 

As has already been suggested, while the two Movement Initiation 

conditions together appear to have significantly less effect than the Active 

Movement condition, they do not differ significantly from the Rest condition. 

The fact that these two means are the largest of those conditions not in- 

volving any complete movements, however, suggests that the small amount 

of active movement they involved may have had a small effect on retention. 

This supports the view that the important variable affecting retention is 

the amount of active movement made by £, since neither passive movement 

nor movement preparation has any effect. This in turn leads to the con- 

clusion that the movement amplitude is retained in terms of the motor outflow 

required to produce that amplitude and that feedback patterns and mental 

images of the movement play no important part in this retention. 
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The mean for Condition 7 (Control) is almost half-way between that of 

Condition 6 (Rest) and Condition 5 (Active Movement). This reflects the 

combination of Movement Preparation, which has no effect by itself, with 

Active Movement, which is responsible for the largest effect. The three 

sub-conditions which went to make up the control condition were represented 

as PPPM, PPMM, and PMMM, this being the ordering of the Preparation and 

Active Movement items within the retention interval. The mean absolute error 

for each of these three sub-conditions was 5.74°, 6.25° and 6.51° respectively, 

indicating the progressive increase in effect as the number of Active 

Movement items increases. The additional effect of adding an Active Movement 

item in the second position is less than that of adding one in the third 

position, which is in keeping with the position effect demonstrated in 

Experiment II. 

In Table 8 the variances for the seven treatment conditions are shown. 

They are in the same rank order as the mean absolute errors, except for 

TABLE 8 

VARIANCES FOR THE SEVEN TREATMENT CONDITIONS: EXPERIMENT III. 

Treatment Condition Variance      d.f. 

1. Movement Preparation 

2. Movement Initiation 

3. Movement Initiation Without Display 

«+. Passive Movement 

5. Active Movement 

6. Rest 

7. Control 

17.35 367 

77.27 372 

52.90 375 

61.44 364 

51.98 366 

55.87 376 

57.79 367 
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Condition 6 (Rest), which has the smallest variance. Figure 7 shows the 

mean algebraic errors for the treatment conditions. The application of 

Duncan's test gave the following results, at the 5% significance level. 

4 5 3 17 2 6 

The main conclusion from this test is that Condition 6 (Rest) produced 

significantly more undershooting than all of the other conditions. 

Passive Movement 

Active Movement 

CO 

2    Movement Initiation 
t    Without Display 
o 

5 
Movement Preparation 

&    Control 

Movement Initiation 

Rest 

-3 -2 -I 0 
ALGEBRAIC ERROR  (deg.) 

Fig. 7.    Algebraic error for the seven ti - atment conditions. 
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The recall latencies for the treatment conditions are shown in 

Figure 8, and for these data, Duncan's test gave the following results, 

at the 5% level. 

7 4 5 12 3 6 

Condition 6 (Rest) resulted in a faster RT than all the other conditions. The 

RT for Condition 7 (Control), while slower than the rour fastest conditions, 

was not significantly different from Conditions 4 and 5 (Passive and Active 

Movement). 

O 
P 
S z 
8 
Z 
bJ 

i- 

Control 

Pottivt Movtment 

Actitive Movtment 

Movement Preporotion 

Movement Initiotion 

Movement Initiotion 
Without Oitploy 

Rest 

^ 

^ 

^ 

^ 

^ 

4J I I I L_J 
950 10001050 1100 1150 1200 

REACTION TIME (msec.) 

Fig. 8. Response latency for the seven treatment conditions. 
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In general, it appears that Interpolating anything results in an 

increased RT. This may simply be a result of the visual stimulation which 

occurs when any item is interpolated, in comparison to the Rest condition, 

where the screen was blank the whole time. The RT difference that is in- 

volved is in the order of 100 msec, which could result from S/s having to 

switch attention to the recall task from whatever material was interpolated. 

One possible reason for the position effect found in Experiment II 

might be that an interpolated item at the end of the retention interval 

could have prevented £ from preparing his recall, and that because of the 

time constraint for recall, the effect was to reduce accuracy. Evidence 

against this hypothesis can be obtained by comparing the RT and the absolute 

error data for ^ach condition. If the hypothesis were true, those conditions 

which resulted in the largest absolute error should also have had the 

longest RT's, yet Condition 1 (Passive Movement), which has the smallest 

absolute error, has one of the largest mean RT's. A more conclusive test 

of this hypothesis was carried out by examining the regression of accuracy 

on the RT across all conditions. For the regression coefficient, 

F_(l,'») = 3.61, .05 < £, < .01, with an associated correlation coefficient 

of -.02. This makes it clear that accuracy and RT effects are independent 

in these experiments. 
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CHAPTER V 

GENERAL DISCUSSION 

The main aim of the third experiment in this series was to shed some 

light on the way in which a movement amplitude, of the nature presented 

in these experiments, is encoded. Although £ is asked to remember an 

amplitude, rather than absolute positions, it may still be possible for £ 

to remember the starting and finishing positions for each movement, and, 

with a little algebra, to calculate the appropriate finishing position 

when he is given a new starting position. Evidence from previous studies, 

and from the results of Experiment I, has already been given against this 

view. 

An alternative view is that the movement is represented as an integral 

force or velocity over time. Although these aspects may play a part, there 

is evidence that they aie not the whole story. Woodworth (1899) found that 

a given line drawn with a light force can be reproduced quite well with a 

heavy force, or even if simply delimited with two dots. And the fact that 

a given line can be reproduced accurately if made with a different limb, or 

in a different orientation, also speaks against this. Nevertheless, as each 

of the conditions of the original presentation was changed, Woodworth found 

that performance deteriorated to some extent, indicating that these con- 

ditions form some part of the complex representation of the movement. 

There is some suggestion in the literature that the movement is repre- 

sented as an image. Posner and Konick (1966a) entertain only two alternatives 

for the encoding of their motor movement, which are that it is encoded either 

as an image or with verbal labels. These authors present evidence against 

75 
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the use of verbal labels, which leaves them with the image construct. 

Evidence that a simple visual image is not the main representation, however, 

comes from the lack of effect of Condition 1 (MovRment Preparation) in 

Experiment III. On the other hand, to be fair, the actual form of the image 

is not specified by these authors, and it may well be possible that a 

kinaesthetic "image" incorporates much more information than a visual imago, 

but if the word "image" is used in this way, its meaning has been changed 

somewhat. The information that would have to be included in such an image 

would come mainly from the original motor output, but perhaps also from 

joint, muscle and tendon receptors. 

While it is clear that no one source of information is likely to be 

the sole source of the encoded representation of a motor movement, there 

are strong suggestions as to the most important one. The results of 

Experiment III indicate that interpolated passive movement does not affect 

retention at all. Together with previous evidence, this suggests that the 

motor outflow produced in th« original performance of the movement is on« 

of the most important sources of information. This is further supported 

by the trend evident in Experiment III, where the amount of forgetting is 

directly related to the amount of motor output produced during the retention 

interval. 

Another major question on which these experiments can shed some light 

is that of what happens to the representation of the movement as it is 

forgotten. There is something analagous to decay, since forgetting occurs 

over time when there is an unfilled retention interval, and when 3 min. 

separates trials (Adams and Dijkstra, 1966). There is also an interference 
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effect* dependent on gross similarity between the retained movement and the 

interpolated item, as shown by present and previous results. 

The results of Experiment II also show an effect which is quite different 

from that found in the verbal situation. In the present case, the later the 

material is interpolated in the retention interval, the worse is recall, 

whereas with verbal material, recall appears to be worse with earlier inter- 

polation. The effect of the interpolation therefore seems to be proactive 

on the recall process, rather than retroactive on the original learning. 

It cannot be a matter of interference during storage, or of accflorated 

decay resulting from the presence of the interpolated items, as the decrement 

in recall results from conditions which minimize these factors. 

There are several alternative explanations of these results. One is 

that they arise from interference with the recall process resulting from 

temporal proximity of the interpolated aovenent. The fact that £ has just 

made a movement leaves him in something analagous to a refractory state, 

in which the organization of the next movement, the recall, is impaired. 

An objection to this is that all the previous evidence on refractory- 

period phenomena suggests that it may last up to .5 sec., and certainly 

not over 1 see. (Mclford, 1968, p. 120). In the present experiment, a 

refractory period Immtlng up to 1 see. may have been sufficient to impair 

recall, sine« only 3 sec. were allowed for the recall to be completed. In 

the experiments of Williams et al« <if69)f however. It is Implied that Si 

had as long as they wished to complete the recall, yet there was still a 

decre««mt resulting from Interpolated smmmmts,   Furthernor«, analyses 

relating RT to accuracy in Entfj-erlmeist III suggest that there Is m relation 
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between the two, whereas it is unlikely that a refractopy-psrlod pheiwanon 

would cause an increased error without also causing an increased RT. 

Several other explanations derive froa the steep forgetting curves, shown 

by Posner and Konick (1966a) and Adas» and Dijkstra (1966) for a discrete 

motor novement, even when there is no interpolated eaterial of any kind. 

In the case of Adass and Dijkstra, the "half life" of the itca was about 

20 sec., while it was about $ sec. in the Posner and Konick study. It would 

follow that, if the decay is an exponential process, the ratio of the 

strength &t  the interpolated item to that of ehe retained itea would be 

greater the later the interpolated ite« is presented. 

There are a nuaber of ways in which the observed effects could result 

from relative strength notions such as this. One possible Mchanisa is 

that when the interpolated itea occurs early in the retention interval, the 

strength of the target itee is stiU so great that the trace of the inter- 

polated itea, which does not have to be retained, is obliterated. Coablned 

with this could be the fact that when the interpolated itea occurs late 

in the retention Interval, its strength is suehv relative to tits strength 

of the already-decayed target itea, that accurate recall of the target is 

difficult. 

Another possible aechanisa which could be responsible for the lack 

of effect of the iteas interpolated early in the retention interval is that 

Ss aay be able to actively forget such iteas, since they do not have to 

be retained. There ia evidence (Bjork, LaBerge 6 Legrand, 19M) that 

with verbal aaterial Ss can actively forget iteaa they know they do not 

have to retain. If this process takes soae tiae to occur, it is possible 

- -   
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that it«M InccrpoUtad «arly could bm for^ottco by \hit procoss. Im  s»ot 

lt«M intcrpoUttd Ut«. 

TIMM tue «KplaiMtioft* «r« ninilar in that both account for tu«  «^sftrv«4 

•ffocta M r«ault£ng fro« tha forgattinf of interpolata«! itcsu» |*re&«ti<!«d 

aarly la tha ratantlon intanral. In tha first <.*■,«■» th« lotgaeting U tha 

raault of a daeay proeaaa «tileh S could not arrest «van it i.%  wars trying 

to retain tha Itaai, uhlla In tha sa^ond, it is an «ctlva proc*** on S's 

part, a prccaas uhich takas aeaw tiaa to initiata» A test betwaan thase 

two positions could ba arranged by having S retain the interpolatad itacts« 

and tha« telling hi« to forget tha« Just prior to the recall of tha target 

its«, but with an intareal between tha "forgst" instruct lor. and the recall 

eh ich is long enough for tha forgetting to take place. As «n initial 

approxiaation, 3 MO. ahould ba auffieient *or this* If there eere atill a 

tendency for itsa» occurring latar in tha retention interval to produce a 

greater decr««ent in retention, au^port would be given to the notion that 

spontaneous dacay alone in renponalbla. Should all itaes have little or 

no offact, thin would support «ha notion that S ihas actively forgotten the 

interpolated «ovsäants. 

Both of these propoasd eKplanationa, ehich rely on relative-strangth 

sotiona, are versions of a response coapetition explanation. The effectiveneas 

of the interference la a function of the relative strengths of the traces 

of tha co«peting its« and tha retained ita« at thatiae of racall. In the 

varbal learning litaratura, thare ia a cooaidarable body of evidance against 

such a ponition (e.g.« Fooaar and Konick, 19Mb; Conrad, 19ft7; Martin, 

1969). Ttila evidence aCa«8 largely fro« the feet that the nunber of inatruaion 
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errors Is not p«rfdotly r«I«ted to tiro «KNinc of forsotcing of th« orifinal 

Use, and ch«t Mh«n both rasponses In «n A-B A-C pvdlsa «r« callod for, 

th« profeaMiitiM of th« roeall of b and C *r« indeptmlont. 

In cho prosenc situation, nothing anaiagous to intrusion «rrors war« 

fouhd when th« SIMS of r«eail«d anglös **r« coaparsd to th« alias of 

!nt«toolat«d angUs. This suggssts that with aotor aatarlai, a si^>la 

rasponsa-coapatidon «xplanation will not account for th« obtainad position 

efface. Another ««planation which win not do is any version of disruption 

of consolidation. Since interference is worse when it occurs later, its 

efface cannot be due to disruption of consolidation, as it is central to 

this notiou) that the trace is oost labile iHediately after the event, and 

that interference should therefore have its strongest effects when it occurs 

iMMdlately after the presentation. An explanation in terms of difficulty 

In differentiating the two responses is also ruled out, since such an 

explanation deaanda that recall performnce should deeraas« as the time 

since the presentation of the interpolated itea Increases, the opposite of 

what Is found. 

In looking for an explanation of the position affect we are therefore 

left with attention focused on the najor difference between verbal and 

aotor retention, the fact that there is a rapid, apparently «^ontaneeua, 

decay of the aotor trace. The effect of this is to produce differences 

in trace strengths between target and interpolated iteas at the tiae of 

recall, differences which could be enhanced by affects on the interpolated 

material of the original presentation, or by active forgetting of the 

interpolated material. Although obvious intrusion errors war« net found» 
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tlMM diffwiog r«l«tlv« stlengths could b« responsible for th« obtalnsd 

results in • mor* gonsrsi way. It could bo tho ess« that recall is not 

Morse because S has Mde a aovaaent of a particular site just before recall, 

but because he has aade any aoveaent at all. The results of Dcperiaent III 

Indicate that it is interpolated aotor output which causes (he decreaent» 

uhila the results of Dtperiaent IXI suggest that the closer the interpolated 

■oveeents occur to recall» the «ore adversely they will affect that ifcall. 

It is not possible to be «ore specific than this at present, but even in 

the verbal situation, Martin (1969) points out that no good explanation of 

retroactive interference effects exists. 

In connection with the question of what happens to the trace of a Botor 

act as it is forgotten. Pepper and Hemsrt (1970) direct th«ir attention to 

effects on algebraic errors. In a nuaber of studies of the retention of 

a aoveaent extent, including a reexaMination of data by Posner (1967), who 

does net quote algebraic errors. Pepper and Heraan find a negative tiae 

error, i.e., an undershooting» which increases with tlae. Other studies 

which support this finding are AdAas and Dijkstra (1966) and Stelaaeh (1969). 

Pepper and Meraan amount for tM» in teras of the traditionil fading- 

trace theory« 

A second finding with respect to the algebraic effect is that any 

interpolated aaterial tends to result in a acre positive error. The results 

of all the present experiaents support this finding. In the first experiaent, 

the rest condition resulted in an undershooting of 1° to 3°» while the aean 

for the intarpolated-aovsaent conditions was close to sere. In 

lätperiaent 11, a slight undershooting of about 1° is reduced to sero with 
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Interpolated oatcrl«!, although the position effoots in this case ar« sosie- 

uhat confusing, finslly, in experiment III, a mean algebraic error of about 

-2.5° Is raised to between -1° and .5° by the interpolation of any Mterial. 

The largo between-S differences and the asny interactions aske it quite clear 

that these are only average effects» nevertheless, they appear to be quixe 

consistent. Pepper and Heraan offer an explanation in tenas of the dis- 

tracting effects of the interpolated Materials. They give evidence that 

.my such distraction Mill cause an increase in wiscle tension, which My 

sugnent ..'.« fading trace. The £, when recalling, will then be atteapting 

to match a larger trace, and he will therefore give a raised algebraic 

error. Uo place is given in their account, however, for the increase in 

absolute error (Mch has been found in the present axperiaents, as well as 

In previous ones. Soae Importance should also be placed on the present 

finding that the variance of the algebraic errors airrers vary closely the 

absolute error. It is quite possible for the absolute error to increase 

without a corresponding increase in the variance. The fact of this variance 

increase suggests that S is trying to natch a trace which is not only 

"shrinking" (which Mould be a less aabiguous tern than "fading"), but also 

getting dinner in sone sense, so that it is reproduced less accurately. 

This suggestion Is strongly supported by the effect of angles on the 

algebraic error, as sho«.. in flgttre S. The finding that the snaller 

aaplltnades in a series are ovarestlnated and the larger ones underestinated 

Is not new; it was explored at length by Hollingworth (1909). It indleates, 

however, that Ss tend to err toward the nes& when nekfng their recall. 

This could be taken as strong evidence that the tendency for the "shrinking" 
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trace to mav toward the mean angle presented is much stronger than its 

tendency, whatever its original sise, te shrink absolutely. However, it 

is aueh tore likely that this represents a tendency for S to guess at the 

mean whenever he is in doubt as to the size of the angle presented. This 

effect Is obviously much stronger than any absolute shrinkage. If it were 

not, we would expect the negative time error to be present for each angle 

taken separately, and not just for the mean of all the angles. It therefore 

seems clear that whatever the effects of interpolated material on the 

algebraic ^rror, there is a strong tendency for forgetting, whether it be 

a result of time, as in previous experiments, or of interpolated material, 

as in the present ones, to cause the representation of the movement to 

fade as well as to shrink. The results of the present experiments make it 

clear that this tendency must be included if all the results are to be 

explained. 

Su—ary and Conclusions 

This series of experiments has attempted to shed some light on the 

encoding and forgetting of discrete motor movements. Th6 techniques that 

have been used involved the interpolation of motor movements or sub- 

movements in the interval during which a discrete motor movement is being 

retained. 

The major findings of Experiment I are that three movements inter- 

polated in a 9-sec. retention interval are sufficient to produce a recall 

decrement, *od that recall accuracy is not significantly affected by 

whether or not the recall is made over the same path as the original pre- 

sentation. A tendency was also found for movements made to the right, or 

•way from the body, t« be batter retained, 
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In Experiment II, both the amount and position of interpolated material 

was varied. As expected, the effect of amount was such that recall decreased 

as the amount of interpolated material increased. However, the effect of 

position of the material within the retention interval was strong, with 

material occuring late in the retention interval producing worse recall. 

This is in contrast to the verbal situation were there is a tendency for 

material presented early in the retention interval to have the most detrimental 

effect on recall. The effect of the interpolated material on the motor 

item must therefore occur at recall, and is not a matter of interference with 

a trace, or of accelerated decay of that trace during storage. However, 

although this major difference appears between the motor and the verbal 

situation, there is the similarity which results from the fact that an 

interpolated motor item of the same gross nature as the item to be remembered 

does adversely affect recall. 

This finding was examined further in Experiment III, where the motor 

movement was broken down into subunits, some of which were presented 

separately during the retention interval. Interpolated items which involved 

only feedback components, or only components which are involved in the 

preparation of the movement, were not found to interfere. Interference 

was found to be a function only of the amount of motor outflow produced 

during the retention interval. It was therefore concluded that since 

motor outflow is the only component to affect the recall, the motor outflow 

component of the original movement is an important encoding dimension for 

the retention of that movement. 
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Finally, the concept of a shrinking trace was discussed. In the present 

experiments, forgetting is manifested as an increase in the variance of 

recall as well as a change in its constant error. This indicates that for- 

getting must be the result of a dimming of the trace, and not only a result 

of a change in its size or extent. 



APPENDIX A 

INSTRUCTIONS TO SUBJECTS 

The £ was seated in the chair and his arm fitted to the apparatus 

so that the tip of each elbow was always in a constant position. He was 

asked to move the lever through the limits of its travel, and was shown 

how to rest his arm in his lap between trials, and how to find the lever 

without looking for it visually. He was then given the following instructions. 

Experiment I.—"This experiment is divided into a fairly large number 

of discrete trials, each lasting about 30 sec. During each trial you will 

move your ar^ through an angle, and then, about 10 sec, later, you Will 

try to reproduce that movement. Instructions will appear on the screen 

in front of you; watch it the whole time, don't try to look down at your 

elbow. 

"Each trial will begin with the words 'GRASP LEVER' appearing on the 

screen. This is a signal for you to find the lever, grasp the handle and 

hold It steady, as I showed you. Then the words 'MOVE AND REMEMBER' will 

appear, with an arrow underneath them. On this signal, move the lever 

smoothly, in the direction of the arrow, until it stops. Your arm has now 

moved through an angle or a distance, however you wish to think of it, 

'»'.ad  it is this angle which you will have to reproduce about 10 sec. later. 

During this 10-sec. period a number of movements may take place, as I 

will explain in a moment. You will then see the word 'RECALL' on the screen, 

with an arrow beneath it. This is a signal for you to try and move your 

arm through the same angle it moved through when you saw 'MOVE AND REMEMBER' 

about 10 sec. earlier. I want to stress that it's the angle or distance 
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that counts; you are not being asked to move your arm back xo any particular 

position. No matter where your arm is when 'RECALL* appears, move it from 

that position through the same angle you moved it through when you saw 

'MOVE AND REMEMBER. ' 

"During the intervening XO-sec. period, the screen may remain blank, 

in which case just keep your arm still for that period. Otherwise, you may 

be asked to make a number of movements. Whenever you see a number on the 

screen, with an arrow underneath it, prepare to move that many degrees in 

the direction of the arrow, but don't move until the word 'MOVE' appears 

above the number.  When the word 'MOVE* does appear, move as quickly as 

possible. When the word 'RECALL* appears, try to reproduce the original 

angle of movement, as I explained earlier. The trial ends with the word 

'REST', which is a signal for you to rest your arm in front of you, as I 

showed you. During the interval between trials, the lever will automatically 

be reset to a new position. 

"During a trial, anytime you make a mistake an appropriate message 

will appear on the screen. The messages are fairly self-explanatory, but 

I'll just run through them, 'WRONG DIRECTION' and 'KEEP STILL' are 

obvious. 'DON'T ANTICIPATE' appears if you move before you are told to 

in the intervening movements. You only have about 2 sec. to complete 

each movement; if you exceed this limit 'TOO SLOW' will appear. If, 

for any reason, you almost reach the limit of the lever's travel, 'TOO 

2 
FAR' will appear.  Immediately after any of these errors, 'REST' will 

appear and the next trial will follow. 
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"rinaliy, «*ch mvmmnt you Mk« mist fe« snooth «od dttlib«r«t«( b«oauM 

as f«r as th« coaputw is c^newiisd your WBiMuBt is ovsr one« you eons to 

« scop. This nosns you e«n*r mk« any corv«ccioos afcsr sc^fing tim first 

ein«. 

"tfs wlli havs sons praeties balore bociiming tlm «jqtMrintnc, and X'il 

bs bars to snswtr any <$iisst£oos during ths praotlca. Do you titvs any 

qutsrlons now?" 

After ch« first praetiec pwiod, thaaa instructions foilOMsd. 

"lion thit you undarstaiid hm tht a«9«rinaAt uorlis, let nt tall you uhtt 

w are nsasurlng. Our nein concern is uith your abiSity to reproduce the 

initial angle correecly. However, ue are also taking «any Masurenefits 

on the Intervening nevsnsntst the tine it cakes you to begin noving after 

'MOVE* appesrs, and your tine to oonplete the nevsnent, as uell as your 

accurac> in nsking the required estinstions* Ve are conesraed with ho« 

well you can nske these estlnatlons under conditions where you are trying 

to rcntnter another novenent. 

"Your pey for the eMperlnent will be $2.25 plus a bonus of 3 cents 

each cine your recall is within 2° of the angle presented. 7o give you 

sons idet of how you are doing» for ehe aaxc praetlee period only, I'll 

tell you through this intercon what your error is in degrees each tine 

you recall." 

After this prsctice period, £ wss brought out of the experlnental 

roon for a few ninutes while £ prepared for the eMperinental session. 

The S wss told that the experlnent would last about US nln. and that 

there would be a short rest half-way through. He was then seatsd and 

told to put on the headphones. 
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EKPTI—ot 11.—Tilt inttmetliMas mm «te- mm «s lor Exf&rlmm 1« 

me*pt that th« retention int«rv«l MAS d«aerltitd «s L«liit ^bmn 1% s<»e. 

InttMd of 10, and tho Min «qMriMnt IMS <l*scrlb«d as tafcinf «!»ou( *n 

how* iRitoad of «»S aln, 

Cxporltitt 111.—Ttw imtrmtl&m Mttr@ iargal*/ ahe .sat»*' a» ler 

Diparlwiiit II'» with the foil^ing nalor Itiaartio»^ and chang«s.   Ttm 

mMtwra r«f"«r to tb« suparscrlpls In tho aLova Instruetions, which In- 

dlcace tha ralavanc fwinta of Insertion or chattgv. 

1. Instrt "You aust wait until th« iiutruction appaars, Lacauitv 

soMitiMS tha words will ba 'OOII'T NOVC,* in which casa, of course, you 

will raaaln sf 111«1* 

2. Insert "and if. In one of the Intervenlnf noveaents, you »ovo 

uhen 'mu'i fWVf is dlsplayad, the word 'tFROR* will appear." 

9.   An additional practice period was given at this point, with the 

following instructions. 

MSo far» the intervenii« Moeeaents have Included only those with 'HOVE* 

or *mn*t NOVC* above the angle«   There «re two aore basic types which 

you wiU have aaae practice with new.   For the first, instead of 'MOViV 

the word •WXAX* will appear.   In this ease, just relax and the lever 

wiU aove your ara through the angle displayed,    frm't resist the aoveaent« 

but don't help it either.   In the other type, the inüber will appear with 

a diaMond-shaped bom around It.   The coMsand «III still be 'mm.' but 

all you have to do is initiate the «oveaent*   As soon as you start apovlng, 

the aaehine will tak« over and finish it for you«   Soaetlaes the diaaond 

will appear without a nuaber within It.   Treat this just as If there were 
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MNM tomb» ihmrm.   Any quMtlons?   Now w« will bvr« worn pr*ctic« with 

tiMs« trials.H 

n.   Tht feUowlaf iMcrcion WM aid« in tht iMtraetioM for tho 

final proecico poriod. 

"Duriiii this prsetieo poriod, tht various typos of trials trill all 

occur in tho ssao proportions as in ths asin osporiMat.** 
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APPDIDIX B 

TABLED VALUES fGk DATA SHO^i 

Ui riGURES 3, «s 6, 7 «nd i. 

TABLE I 

ABSOLUTE CPROil (IN DEC.) FOR THE ElUff IKEATitEffT 

CONDITIONS:    EXPERINOIT II (riGUKEL 3 & «). 

Triatmat Coodttior. 
suss 

Absolut« Error   6.02 6.20 6.00 6.66 S.8I 6.23 6.96 7.1h 

TABLE 2 

ABSOWTE ERKOR (IN DEC.) FOR THE SEVEN TREATHENT 

CONDITIONS: EXPERIMENT III (FIGURE 6). 

1 
iroatBMt Condition 

2   3   H   S   6 7 

Absolut« Error S.6B 5.16 5.91 S.60 6.6S S.76 6.17 
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TABU 9 

AZJGCBRAIC CWOR (IN DECS.} FOR THE SCVOf TRCATMCNT 

CONDITIONS: CXPCRZHCtfT SII (FIGURE 7). 

1 

frmtmmt Condition 

2          3          k          S 6 7 

Aigebrais Error -0.59 -1.01    -0.49        .$7    -0.15 -2.60 -0.97 

TABLE H 

RESPONSE LATENCIES (IN MSEC.) FOR THE SEVEN TREATMENT 

CONDITIONS: EXPERIMENT III (FIGURE t). 

1 

TTMtMnt Condition 

ft 2          3*8 7 

Respons« Ut«ney 10<*0 1037      1031      1062     10*9 98ft 1071 

muiaMrit^"--^—--^- ■ 
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i: i 

~~~'>h  ceriea of three experiments examined retroactive interference In the re- 
tention of discrete movements» and used this technique to examine the encoding 
of a discrete movement. The apparatus used for this purpose was a manual lever 
which could swing in a horizontal plane. The lever could be moved by £, or it 
could be mechanically driven, moving Si's arm through some predetermined angle. 

The first experiment showed that~three additional arm movements interpolated 
in a 9-sec. retention interval resulted in recall that was significantly poorer 
than when the retention interval was unfilled. 

In the second experiment, the temporal position of interpolated movements 
within the retention interval was examined. Results showed a significant ten- 
dency for recall to be poorer when material was interpolated towards the end of 
the retention interval. Similarity effects along the dimension of angle size 
were not found. 

In the third experiment, the interpolated material involved different com- 
ponents of a complete movement, as it was argued that those components which were 
most important for the encoding of a movement would produce the greatest inter- 
ference.  Interpolated material included preparation of the movement, initiation 
■ •('  ' !••• i '..III...I,I ,  winii [.aüü.i.wci ni.i''i.»(.-ini..  , Hüüu.l.'t.'ö  !II-I.I>.ui•TL.I  iiiuL  rorjj.-)t(".i.n^ uuä 

directly related to the amount of motor output produced by S during the reten- 
tion interval, which suggests that the most important information used to encode 
discrete rnovement is the motor output required to execute that movement. 
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